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INTRODUCTION 

Mainly for the Advanced Student 


M OST men, I think, build air-castles to which 
they can retire in moments when the 
monotony of life becomes oppressive. Most, also, 
are just a little diffident in acknowledging these 
excursions into the realms of fancy, not realizing 
perhaps that here there is born the best that comes 
to a man's life. The desire to be and to do takes 
form, which eventually, in most instances, will lead 
to substance. 

To be able to follow one into this magic realm and 
unostentatiously become a companion in the dream 
takes a sympathetic nature and a love of one’s fellow 
men; but think of the life-long friendship it has 
made and how the little help and encouragement 
given has led to results never dreamed of or an¬ 
ticipated. Here is where “can’t” Ls abolished and 
laughed at, and “I can and will” are born. 

So, in writing the second volume of this work on 
gunsmithing, my mind goes forth into the ethereal 
and I see many aspiring, still in secret, to achieve 
the things that hitherto have seemed impossible in 
this science; it is to them that I address myself. 
In all seriousness, I say to them that what I preach 
they can practise; that what I teach they can 
learn; that what has been done they can do. 

The fact that Harry Pope was able to produce 
his matchless barrels with no other machine than 
an old lathe, that he could fashion makeshift 
barrels with a makeshift contrivance would excite 
no wonder, but that he could and did make barrels 
superior to those produced by machines designed 
and built for this particular purpose is a tribute 
to his patience and ingenuity, and should dispose 
of the word “can’t” forever. 

Following the lead of the great mechanic, I have 
outlined a better set-up, using a milling machine 
instead of a lathe. Many will doubt the possibility 
of such a feat, but I assure them it can be done 
and the work so produced will be equal in quality 
to that produced on a standard rifling machine—a 
machine quite out of the question in the ordinary 
gunsmith’s equipment. 

V. 2 


The general use of machines in our age has made 
us mechanical-minded. We do not think any more 
of getting results from things beyond us. We are 
not only willing but eager to be shown our capa¬ 
bilities. This is where the word ‘ can’t” comes 
in again. Let us in this book put brains above 
every other consideration and make ingenuity 
and stick-to-it-iveness the great aiders and abet¬ 
tors. Let us show the world that our forefathers 
who did wonderful things with their fingers and the 
tools at their command still have in us their worthy 
successors. 

Those of my readers who live in the larger 
towns and cities have opportunities never available 
in the world before. High schools are often 
equipped with standard machine tools, and instruc¬ 
tion in their use is made a part of the curriculum. 
Even those beyond high-school age have a place in 
the night sessions which every winter brings. This 
is a great advantage, but it must not be thought 
an exclusive one. A canvass of the greatest inven¬ 
tions reveals that the attic was ever the rival of 
the laboratory and the wood-shed the rival of the 
machine shop. 

I do not say, attempt the impossible. It would 
be folly to make, at a tremendous expense of labor, 
a part that a machine makes better and at trifling 
cost; but I do want to retain for the student the 
joy of creating the satisfaction of having “done 
it himself.” 

How many air-castles have had little machine 
shops tucked away among their turrets? I ven¬ 
ture to say that they are innumerable. And how 
much easier they are to obtain in the workaday 
world since power can be brought in on a wire! 
Such a shop is the dream of the experimenter, the 
technician, lawyer, doctor, padre, banker, or tired 
business man. Here is a little realm where he is 
the god, w r here he can create, express himself, and 
do as he pleases. Such a place of retirement is 
the most wholesome, sanitary, and restful place 
discoverable. Too long have we sought inertly to 
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be amused. Let us try amusing ourselves for a 
change. Let us be the actors in our little life's 
drama. It doesn’t make any difference what we 
do. Tinkering, just tinkering, is one of the most 
desirable ways of spending leisure that I know of. 
And these hobbies—do you ever stop to realize 
their value in the scheme of things? To have no 
hobby means that work and care are slowly stealing 
from you every ounce of unrecoverable energy. 
Men without hobbies never retire from business— 
they have no place to retire to. 

Readers of outdoor magazines are constantly 
being treated with articles pertaining to firearms. 
Some of these are of great merit, being contrib¬ 
uted by writers of knowledge and experience. 
Naturally, because of the limitations of such arti¬ 
cles, they are fragmentary and incomplete. I 
have purposely tried, in this book, to augment 
such instructions, to complete the information. A 
large demand has forced me to include a chapter 
on heat-treating. This important subject is still 
a new thing to most mechanics, amateur or profes¬ 
sional. It was not realized until recent years, how 


susceptible metal was to structural change through 
temperature; how lost and destroyed qualities 
might be restored, fatigue checked, and elasticity 
preserved; how the stresses lost in manipulation 
could be released, and varying qualities distributed 
over a piece of metal. This, I am sure, will be an 
interesting and informative chapter. There are 
also two chapters which at first might seem unes¬ 
sential in a book of this nature; but I assure you 
that chapters on tool making and die making are 
as important in the production of firearms as any 
other chapter in the arrangement of information. 

You may now turn to the book itself. It has 
been written in the spare moments of many busy 
working days. It must not be considered a liter¬ 
ary effort. To classify it thus would only add to 
my discomfiture. It has been a labor of love, ac¬ 
complished with the fond hope that it may add 
to the knowledge of the amateur and suggest to 
the professional other ways of doing things that per¬ 
chance are improvements on his own. It will also 
take its place, I trust, as a work of reference—a 
storehouse to supplement one’s memory. 



CHAPTER I 
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CHAPTER I 


Machinery, Power, and General Tool Equipment 


T HE selection of machine tools for any gun 
shop depends to a great extent upon the class 
of work anticipated. If one is dexterous he should 
only select the machine tools which will profit him 
in their investment and then add the ones which 
will make the establishment more complete. A 
gun shop is a highly specialized tool room or 
machine shop, and machine shops arc to be found 
in nearly every city, town, village, and hamlet 
throughout all civilized countries over the globe. 
There are few products used by humanity which 
do not depend in some way upon the machinist 
and the tool room for their production. The 
shrewd and calculating gunsmith or machinist can 
always render service in other lines of work dining 
slack times with the equipment at his disposal, 
and if he has an inventive mind originate some 
useful article needed by humanity. 

Any young man who intends to become a gun¬ 
smith, machinist, tool maker, or die maker, should 
take advantage of every opportunity to become 
independent of the industrial plants and strive for 
his own shop. There are really more opportuni¬ 
ties for independence here than in a great many 
other lines of work. In fact a survey of indus¬ 
trial establishments will show that the majority 
of owners have risen from among those who started 
at the bottom. 

Power for Machine Tools — The motive power 
required to drive machine tools is either electricity, 
gas, oil, steam, or gasoline. Because of our rapid 
advancement, electric power is the universal stand¬ 
ard, and very few isolated districts in the world 
are without electrical power nf some description. 
Gun establishments are usually located in or near 
cities, so electrical connections are always avail¬ 
able; therefore I shall presume that the reader is 
contemplating using this means of power trans¬ 
mission to drive the various machine tools recom¬ 
mended throughout this chapter. 

The individual motor drive with a separate 
motor attached to each machine makes an installa¬ 
tion expensive, and altho this form of drive is the 
most flexible, it is frequently replaced with the 
group drive for light gun-shop work. In the group 
drive the motor drives a short length of line shaft¬ 


ing from which, in turn, the machine tools are 
driven. The best arrangement for a group drive 
is to divide the gun shop into small units for wood 
working, barrel making, the tool room and the 
machine shop, and have a motor for each unit or 
department. The line shafting should be as short 
as possible and the motors placed in accessible 
position. A small platform makes an excellent 
mounting for a motor. Motors suspended from 
the ceiling do not, as a rule, receive the careful 
attention they need, and it is difficult to replace 
them when mounted thus. 

The horse power of the motor required for group 
driving in the gun shop is much less than the sum 
of the horse power required for each individual 
machine. The reason for this is that some of 
the machines are idle and others consume only 
a small amount of power at a time when the re¬ 
maining machines absorb the maximum amount. 
Actual experience has shown that for group driv¬ 
ing in any ordinary gun shop a motor of between 
three and five horse pow r er is sufficient. 

Latho — Various ways of driving an engine lathe 
by motors are in use. Some makers furnish 
motor-driven lathes as standard equipment; some 
have a hcadstock with a limited number of speeds 
and depend upon a variable-speed motor to fill 
out the speeds of the lathe. Others apply a con¬ 
stant-speed motor or one with a limited amount of 
variation to an all-geared headstock. General 
practise, the use of which this class of machine is 
a part in the shop, would naturally lead to a group 
drive. There is no material advantage, in my opin¬ 
ion, in the individual motor drive if the lathe is 
just used for the regular run of operations. 

Drill Presses — The only reason why the sensi¬ 
tive drill press should have an individual motor 
drive is that it is used more than any other ma¬ 
chine in the shop, not on long and constant appli¬ 
cation as in a manufacturing plant, but for a 
variety of special jobs which require only a few 
minutes of time. Most sensitive drill presses have 
in themselves all the speeds required for the work 
intended, so that any type of motor will be adapta¬ 
ble. The motor may either be directly applied to 
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Fig. 1 

Hendcy screw cutting engine lathe. Such a machine is essential in the gun shop 


the machine or may drive a countershaft on a 
stand, or it may be placed on the floor by the side 
of the machine in case the press carries its own 
set of cones or other variable-speed devices. 

Small shop owners often prefer a small upright 
drill press for work of a manufacturing nature or 
for drilling and reaming operations on sight ramps, 
narrel bands, swivel bases, etc. Such machines 
do not require frequent changes of speed. There 
are, however, many exceptions; for instance, where 
an upright drill press is used for all the operations 
on a piece of work by means of a jig. In this case 
frequent changes of tools, and therefore of speed, 
are required, and an individual motor drive, 
whether directly connected to the machine or ope¬ 
rating on a countershaft, is of great value. No spe¬ 
cial benefit is derived from a constant-speed motor 
with this type of machine. 

Grinders: Cylindrical, Surface, and Internal 

— Grinders in general require so many various 
movements driven from countershafts that it is 
hardly possible to apply a single motor directly to 
the machine. The best that can be done is to 
attach the countershaft to the machine and drive 
the former from a motor standing on the floor or 
on a bracket attached to the machine. In isolated 
cases it would be well to have one or more motors, 
each controlling a single operation attached to the 
machine. The average gun shop making all its 
own tools requires a plain cylindrical grinder for 


reamers, counter bores, rifling heads, etc. It is 
therefore advantageous to select one of the uni¬ 
versal type so that all angles can be ground on 
any reamer. When a great amount of production 
work is encountered, a tool grinder is an additional 
advantage and every large shop should be equipped 
with one for the grinding of milling cutters, special 
tools, etc., where the average grinder cannot be 
used. A large cylindrical grinder is often employed 
to grind plain rifle barrels to reduce the cost of 
labor in finishing. 

Very little use will be found for an internal 
grinder in gun work except when used in the tool 
room, and then much of this work can be done on 
the bench lathe with the internal grinding attach¬ 
ments that are mere accessories for light machines, 
and used for grinding holes in hardened work. 
Now there are constructed rigid, massive, compact 
machines having instantaneous changes of speed 
and feed, and designed for rapid production of 
round holes, both straight and tapered. The plain 
surface grinder offers wonderful possibilities in the 
gun shop. These machines have been used in the 
tool room for years and may be used for finishing 
straight parts on rifle accessories in place of the 
file, emery cloth, and the buffing wheel. It is 
better in many instances to utilize the advantages 
offered by surface grinding. The application of a 
motor to an older machine does not pay, but in 
most of the newer types of machines motors are 
housed in such a manner that they are not seen 
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and a motor applied is more efficient than an over¬ 
head countershaft. 

Shapers and Planers — Planers in general do 
not require the application of a motor, particularly 
in the gun shop, for these are only used at times 
for roughing out surplus material from gun bar¬ 
rels, forming oil grooves in oil tubing, and machine- 
chasing shotgun ribs; also for making various 
fixtures and for repair work about the shop. In 
regular production work, however, motor-driven 
planers give better results because of the facility 
of handling the work. Another possible advantage 
when using a variable speed motor and controlling 
the speed of the motor at the end of the stroke is 
that much higher return speeds can be obtained 
with any desired cutting speed. Local conditions 
may make it advisable to drive individually by 
motor, hut in my opinion this is not advantageous. 

Shapers should either have motor connections or 
friction clutches. The highest type in this class 
is the all-molor-driven machine with the control 
handle placed in such a position that it is at the 
operator's hand, which is also true of the friction- 
clutch-driven machine. This type is driven directly 


from the main-line shaft, which eliminates a coun¬ 
tershaft. These machines are of the variable-speed 
type and are changed by a gear shift. Generally 
speaking, there is little reason why a shaper should 
be motor-driven when provided with the friction 
clutch. A few types handling large work may be 
motor-driven for convenience, but these are not 
used for gun-shop work. 

Bench and Speed Lathes — Bench lathes 
should be driven from a countershaft attached to 
the wall or bench and driven in turn by a motor. 
Any kind is acceptable; one with a variable speed 
will be very satisfactory, particularly if it be of 
the precision type with all attachments for differ¬ 
ent speeds. The object of the motor drive is to 
have the lathe in the best possible location with¬ 
out regard to the location of the line-shafting. A 
bench miller may also be installed on one end of 
the bench that the lathe is on, and thus the two 
machines be driven from the same motor. 

Speed lathes should be driven from a counter¬ 
shaft located under the lathe, or by a directly- 
connected motor. In the latter instance, a varia¬ 
ble-speed motor is preferable, provided direct cur- 



Fig. 2 

Pratt 6 Whilney equipment. Bench lathe, bench miller, and drill press. All electrically driven and 

made as one unit on a well constructed bench 
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rent is available. Motor drive is recommended 
when the machine is used for polishing and filing 
parts such as screws, pins, etc., as the machine may 
then be placed where it is most needed, or close 
to the assembling benches. 

Milling Machine — The instructions given for 
shapers also apply to milling machines, as the 
arrangement of motor and friction clutch are iden¬ 
tical in the two machines. The milling machine 
is called upon to do such a large variety of work 
in the gun shop that a study of the different types 
should he made and the best selected for the work 
to be done. Tt is therefore important that the 
speed should be as close to the permissible limit 
as possible. When applied to any type of milling 
machine, the motor should be as low as possible, 
for vibrations in the machine have a marked effect 
on the quality of the finish. 

Wood-working Tools — Since nearly all wood¬ 
working tools are constructed in separate units it 
pays at times to drive them from a line shaft, pro¬ 
vided there is work enough in the shop to keep 
them continually employed; otherwise, the individ¬ 
ual motor drive proves the most economical from 
the standpoint of efficiency. When most of the 
stock work is done by hand, only machines of light 
construction arc necessary and these provided with 
separate motors. 

Selection of Machine Tools — Only a brief 
outline can he given on this subject, for a vast 
amount of information is required to make a com¬ 
plete treatise, so I must assume that the reader 
will avail himself of valuable suggestions in the 
form of reliable books or that he has the neces¬ 
sary training in mechanics enabling him to take 
counsel with himself and choose the tools best 
suited to his individual needs, whether in rifle work 
or other lines of manufacturing. 

This chapter is intended for those men who are 
preparing themselves for the beginning of an all- 
around knowledge of the gunmaker s experimental 
stages of mechanics and also for those who may 
not have had an opportunity to learn. It may give 
that keynote for the development of talent which 
has long lain dormant. Some may express their 
wish to learn a trade, tho they have found their 
start or even their life’s work in one of the special 
divisions of the metal working industry which have 
grown out of modern ideas of mass production. 

Screw Machine — Early in the development of 
the machine-shop industry, in the United States as 
well as in European countries, it became evident 


to alert and progressive mechanics mat an unnec¬ 
essary amount of labor was involved in continually 
changing the cutting tools during repetition or 
production work on various kinds of lathes. This 
led to the adoption of devices to avoid the loss of 
so much time and effort through makeshift con¬ 
trivances. Then came the development of an idea 
—the turret lathe principle and the screw machine. 
Today these may be divided into two general 
classes; namely, bar-stock machine and chucking 
machine. 'The former, commonly termed “hand- 
screw” and “automatic machine,” is used for man¬ 
ufacturing screws, and also for machining any 
part that can be turned from bar stock or from 
castings or forgings having a cross-section similar 
to bar stock. The chucking machine, as its name 
implies, is used for machining work held in chuck 
jaws or special holding fixtures, and usually on 
forgings, castings, or cut stock too large to be a 
bar-stock product. Machines of the latter class 
are not used in rifle work, but the former is com¬ 
mon in large manufacturing plants. 

An inspection of some of the large arms plants 
will reveal many types of these machines, among 
them those having a headstock very similar to that 
of the lathe, and a tool-carrying turret which is 
designed to swing the cutting tools into position 
for each successive operation and which may be 
fed to the work by hand or power, but carries no 
cross-feed mechanism as a part of the machine. In 
the large arms plants most of the machines are of 
the automatic type, but for the small gun shop a 
hand-screw machine is often an added advantage, 
particularly for the manufacture of rifle accessories. 
It is economical to select such a machine as a 
manufacturing tool, for one piece of work can be 
finished in less time there than in a lathe; and 
with two or more pieces making up the part, still 
greater savings can be made. At times elaborate 
set-ups pay because the cost in time and money 
is carried over a large number of pieces and the 
cost per piece becomes exceedingly small. 

I think it well to mention the starting of an 
unfamiliar machine tool in this part of the chapter. 
Such advice is ancient history' to the experienced 
mechanic, but to the young man w'ho has not oper¬ 
ated all types of machine tools, an advance re¬ 
minder often saves considerable expense and time. 
When purchasing or running a machine with which 
you arc unfamiliar, the various controls should be 
demonstrated by some one who understands them. 
If this cannot be done, study an operator’s hand¬ 
book such as is furnished by practically every man¬ 
ufacturer of special machinery. These books carry 
diagrams, descriptions, and cautions regarding par¬ 
ticular types of machine. In case neither of these 
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Fig. 3 

Engine lathes in operation in the tool room 


things can be done, throw off the power, turn the 
machine over by hand by turning the drive pulley, 
gear, or sprocket, and try out the various levers, 
hand wheels, and handles singly and in combina¬ 
tions until you are satisfied as to just what results 
will follow when certain controls are moved. All 
cautions necessary for operating any standard ma¬ 
chine will hold good for these special machines and 
some additional ones may also need to be observed. 

Lathe — The lathe is one of the most important 
tools used in the gun shop or in fact any other 
line of the metal-working industry. The different 
types of lathes are: engine lathe, turret lathe, 
bench lathe, jeweler’s lathe, etc. The size of a 
lathe is determined by the amount of swing meas¬ 
ured from the centers to the tailstock ways, and 
the length of the bed, such as 14 in. x 6 ft.—that 
is, a 14-inch swing and a 6-foot length of bed. 
Altho the construction of a lathe is simple, it is 
capable of turning out a great variety of work, as 
noted throughout the chapters in both volumes. 
The beginner would do well to learn the names and 
uses of parts gradually; then he will be quite sure 
to understand clearly the functions of the |>arts of 
the machine and will always remember that a lathe 
is classed as a precision machine and should be 
well taken care of. Oil the parts often and you 
will be better acquainted with each of them. 


The main part of the lathe is the bed. which is 
raised from the lloor and sup|H>rted by four legs. 
The more modem ones have a chip pan of cast-iron 
fastened separately to the legs. This type of lathe 
is used mostly in tool rooms. The height of a 
lathe is usually adequate for the convenience of 
the average person. The accurately machined sur¬ 
face of the bed carries the “headstock,” “carriage," 
and “tailstock.” 

Overhead, if a motor drive is not us'-d, is 
the “countershaft," which is fastened to stringers 
from the ceiling to receive the transmission by 
belt from the main-line shaft and transfer it 
by belt to the lathe. The bed is made wide and 
deep to withstand heavy cuts and to give the whole 
machine rigidity and strength. The upper surface 
of the bed has “ways'* or “vees" which are accu¬ 
rately machined and scraped. The outside ways 
form a perfectly alined track for the carriage to 
tain on. The inside ways provide a permanent seat 
for the hc-adstock and a perfectly alined rest for 
the tailstock, which can be fastened in any position 
to suit the work. 

Lathe Tools — It is very necessary for the be¬ 
ginner to have at least an elementary knowledge 
of the different tools which can l>e ground and 
used in the lathe. Tools required for use on the 
lathe must usually be ground to suit the particular 
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type of turning done, and proper grinding of the 
tools is absolutely essential for the best work. The 
old method was to forge lathe tools from carbon 
or high-speed steel bars; they were forged to shape, 
hardened, tempered, and ground. After many 
grindings they were again forged and tempered 
until the steel was too short to use conveniently. 
The forged tool is very rigid, being made of one 
piece of steel; however, these are rapidly being 
superseded for general purposes by the tool holder 
and high-speed tool bit, and parting tool or blade, 
because they are far more economical. 

The tool holder is a very rigid tool, being made 
from a drop forging consisting of one piece of metal 
which has been correctly heat-treated. These tool 
holders are provided with a square slot into which 
the high-speed-steel tool bit is inserted and tight¬ 
ened by a set screw. The slot has a slight incline 
to give the tool a suitable top clearance or cutting 
shear, thus saving the grinding time and material 
which would be lost if top and front rake had to be 
ground on the tool bit. They come in three dif¬ 
ferent types: straight, left, and right hand. The 
most suitable size is the % c inch, using high-speed 
tool bits of the same size. There are also the 
straight and offset parting tools, using thin blades 
which may be adjusted for any depth of cut. The 
same tool may be used for a facing-off operation 
by inserting a heavier blade for side cutting. There 
is also a boring tool made to hold diffcrcnt-sized 
boring bars, but most of the work of boring in the 
gun shop requires small tools; therefore, they must 
be made by the gunsmith to suit work of this 
nature, whether boring or inside threading ope¬ 
rations. 

There is also a knurling tool holder, which 
usually carries three pairs of knurls: fine, medium, 
and coarse. Each wheel cuts a helical groove in 
the metal, and as the spiral grooves are opposite, a 
diamond is formed. These tools are used exten¬ 
sively in the gun shop together with small jew¬ 
eler’s knurls for special work such as knurling the 
heads of thumb screws, etc. 

Tool Positions — The position of tools in rela¬ 
tion to the work being turned is a very important 
consideration, and those in the beginners’ class 
who purchase a lathe will do well to study the 
effect of various positions of the tool, particularly 
on long turning such as on rifle barrels. Work is 
often s|x>iled and in many cases the machine is 
damaged by lack of foresight on the part of the 
student. The usual method of elevating or lower¬ 
ing the tool is to swivel the tool holder up or down 
on the rocker in the rocker rung of the tool post. 
The tool should never project any further from 


the tool post than is absolutely necessary, because 
the further it protrudes the greater will be the 
strain on the compound rest and cross slide caused 
by increased pressure from the last point of sup¬ 
port, which is often sufficient to push the tool 
down, changing its setting and frequently causing 
it to dig into the work. The position of the com¬ 
pound slide rest, the location of the tool post in 
the tee-slots provided for it, and the type of tool 
holder used should all be considered in the setting 
of the tool. When work is being turned in the 
lathe chuck, it is easily seen that when the tool 
post is in a location as near the chuck as possible, 
the type of tool used will have the greatest influ¬ 
ence on the condition of the work. The compound 
slide or cross slide of the lathe is frequently dam¬ 
aged by a careless mechanic who runs these parts 
into the fast-rotating chuck, because the too 1 is not 
set in the proper position. It is therefore advisable 
for the amateur to select the best tool for the work 
he has to do and to place it in position so that it 
will be rigid and not cause any damage to the work 
or the lathe. 

The advice given for tool positions on the lathe 
dealt with the position of the tool holder and the 
tool from an adjusting point of view. It also deals 
with the influence of the tool position in producing 
a smooth clean surface on the work. (Refer to 
Chapter IV, Volume I, for proper grinding of lathe 
tools.) To explain how the tools should be ground 
would require too much space and would be of 
little interest to the experienced mechanic; and I 
am assuming that the beginner will come in per¬ 
sonal contact with the experienced mechanic to 
teach him correct grinding methods. 

Work on a lathe may be carried out in three 
different ways: on the lathe centers, chucking 
work, and face-plate work. Various operations 
may be undertaken in each of these “set-ups.” 
T hen, again, a lathe can be utilized to accomplish 
various other operations in rifle-barrel work. Most 
ordinary work on the lathe is measured by mi¬ 
crometers and calipers, and the successful use of 
calipers can only be achieved by constant practise. 
The calipers are used to obtain many variations 
of size, and it is only by developing a sense of 
“feel” that any guaranty of size can be obtained. 
Many beginners free the caliper over the work, 
making believe that it is the size to which the 
calipers are set: but because of the spring in the 
legs they just spring over the turned surface. Tt is 
therefore necessary to develop a very delicate touch 
to use calipers successfully. Never try to caliper 
work while it is running. It is rarely accurate and 
the calipers or micrometers may be caught in the 
w'ork and broken. 
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Fig. « 

Gould & Eberhardt shaper In operation 


The cutting speed required un lathe work is 
usually determined by experience before securing 
the best efficiency from the lathe tools employed 
upon different types of materials. It is advisable 
to turn different steels, cast-iron, and brass, to see 
just what the maximum speed should be. A cut¬ 
ting lubricant should be used when turning steel, 
to prevent excessive friction and to conduct the 
heat, thus preserving the point of the tool and pro¬ 
ducing a smooth finish on the work. Lard oil, 
which has often been recommended for other work, 
can be used, or some other cutting compound which 
can be purchased ready mixed. Lard oil is best for 
thread cutting. 

Shaper — The shaper is used chiefly to produce 
flat surfaces and to rough out surplus stock on gun 
parts for milling-machine operations and various 
tool work such as dies and jig parts. Shapers are 
very suitable for small work, while a planer is 
designed to operate on larger work. There are two 
types; namely, geared shapers and crank shapers. 
On the geared shaper, the ram is driven by a gear 
meshing with a rack on the bottom of the ram; 


also with a means for a quick return of the stroke. 
The crank shaper is driven by a crank motion with 
a means provided for a quick return of the stroke 
on the ram. The size of a shaper is governed by 
the size of work the machine can do. A 16-inch 
shaper, which is the most suitable size, will finish 
a surface 16 x 16 x 16 inches. 

Milling Machine — This type of machine tool 
is one of the most useful in the gun shop or in any 
other line of the metal-working industry. The 
milling machine was first designed by Mr. J. R. 
Brown of the firm of Brown & Sharpe, for the 
purpose of cutting the spiral flutes in twist drills, 
and from that foundation the machine has been 
developed for a great many other uses. The at¬ 
tachments made for most milling machines are 
built very rigidly and not like many other make¬ 
shift contrivances built to go with machines. Many 
such attachments answer the purpose for odd work 
encountered, but in the end special machines must 
be designed for production purposes. 

When the gun shop is equipped with a universal 
milling machine having all attachments such as a 
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Fig. 5 

A Cincinnati milling machine in operation 


vertical head, rotary table, slotting attachment, 
dividing head, center, vise, etc., it is possible to 
accomplish most of the work encountered on all 
gun parts. The work is held on the table by vari¬ 
ous devices and fed against the revolving cutter, 
which usually has several cutting edges, each tooth 
cutting away a portion of the material and pro¬ 
ducing on the work a shape similar to the form 
of the cutter. The cutters are made in different 
forms to produce work of regular or irregular 
shapes, to cut grooves, slots, flutes in taps, ream¬ 
ers, drills, etc. We have already mentioned so 
many operations which are done on the milling 
machine that you will understand how difficult it 
is to operate a large shop successfully without one. 
'Phe latest machines are usually driven by a motor 
or directly from the line shaft by belt to the speed 
cone, and so direct to the spindle through gears 
similar to a lathe to obtain a further range of 
spindle speeds. 


An endless amount of information could be given 
on such a machine; for to do justice to a treatise 
of this nature, a number of tables should be pub¬ 
lished, together with endless diagrams; therefore I 
must ask the interested reader to secure books 
dealing with this type of machine. I have had 
much experience with machinery, yet I must con¬ 
sult a hand-book continually on certain operations. 
However, for some of the simple operations, expe¬ 
rience has taught an operator or mechanic to use 
certain cutters for certain work and to know that 
the table should be fed in ihe opposite direction 
to the rotation of the milling cutter. This is done 
since, if the work is fed against the cutter in the 
direction in which the cutter is revolving, the cut¬ 
ter will tend to climb on the work and probably 
be ruined. This is the beginner’s problem, and it 
will be best for him to experiment on a cast-iron 
block, which involves the use of the plain or 
universal vise bolted to the table and also the use 
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of a plain milling cutter of sufficient length to the manufacture and selection of grinding wheels, 
cover the widest cut. I shall assume that the Grinding machines are similar to the milling 
reader is interested enough to complete a study of machine, except that their operations are not so 
this machine, for it is one of the most essential complicated. Still, grinding operations have been 
in shop practise for producing articles and parts used on all classes of work, and when one studies 
of firearms. the subject there is an endless number of special 

machines for such purposes. There are two dis- 
Grinding Machines — Grinding has developed tinct methods of machining work by grinding, 
in a comparatively short time from a simple opera- namely, hand grinding and machine grinding, and 
tion involving the use of an ordinary grindstone in both methods grinding machines are used, 
to intricate work in the finishing of machine Three types of machines are employed in gun 
products requiring the use of elaborate precision- work: a cylindrical grinding machine for tool work, 
grinding machines. Grinding is an operation used a surface grinding machine, and an electric bench 
so extensively in gun work that a good knowledge grinder for hand tools. The latter has been dis- 
of it is absolutely necessary. The reader should cussed in Chapter IV, Volume I. Machines for 
follow up the work shown throughout the chap- precision grinding are usually classified under the 
ters and also study abrasives and their use; also following groups: 



Fig. 6 

Surface grinder in operation Very little use is found for this in the small gun shop. In the 

larger tool room, however, it is essential 
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Fig. 7 

Pratt & Whitney bench lathe: Internal grinding attachment in operation 


A. Machines for grinding milling cutters, machines lor 
hand reamers, counterbores, taps, and work of a similar 
nature to keep production tools in order. 

B. Machines for grinding cylindrical and conical sur¬ 
faces, both internal and external. Under this group a 
machine Is used for grinding barrels, reamers, riding heads, 
etc. A bench lathe equipped with both internal and exter¬ 
nal attachments is used to great advantage in small-fool 
work to manufacture rifle parts. Also tinder this group 
may be classified the Universal grinding machine, which 
can grind external cylindrical and conical surfaces of discs, 
the teeth of milling cutters, reamers, rifling heads, counter¬ 
bores, and plain surfaces having small areas. 

C. Machines for grinding plain surfaces such as the 


surface grinder with magnetic chuck for grinding a special 
tool with flat surface. 

D. Machines for grinding work of a special nature. 
This group includes the drill-grinding machines, portable 
machines usually having a motor driven spindle and used 
on a lathe, milling machine or shaper. 

Most cutting tools arc simply made with an 
angle entering the material by the sharpness of 
their edges and forcing it open or separating it by 
the gradual increase of thickness it encounters with 
its angle-like form. A thin-edged or sharp-angled 
wedge tool cuts freely because it generates less 
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friction than a thick or abrupt angle tool. A com¬ 
mon ax is a simple example of the wedge principle, 
and every one reared in the country is familiar 
with the tremendous power of an ordinary wedge 
when splitting logs. If a wood chisel is forced in 
a piece of wood, the chisel tends to follow the 
direction of the side nearest the material, and as 
it penetrates deeper it requires more power to push 
it owing to the increased amount of material it is 
removing. If the chisel were held in a vertical 
position, as in stock work, the wood would he 
pushed and scraped off and the edge rapidly be¬ 
come dull. Grinding and stoning operations should 
be continually in force to keep all tools in their 
sharpest condition, and on other work a true and 
even surface retained which cannot be achieved 
with turning tools alone. 

Selection of Grinding Wheels — Selecting a 
suitable grinding wheel for a given job is a com¬ 
paratively simple matter for the experienced 
mechanic when he knows the condition of the 
machine, the material to be ground, and the shape 
and size of the work. His knowledge and skill in 
grinding tell him how to true the wheel, what 
speed of work and transverse to use, and what 
depth of cut to take in order to make the wheel 
cut freely and to produce the desired surface finish 
in the shortest possible time. However, correct 
wheel selection is dependent upon proper machine 
manipulation. The operator should always keep 
in mind the thought that an apparently poor-cut¬ 
ting wheel can be changed into a good-cutting 


wheel by changing any one of several things: work 
speed, wheel speed, depth of cut, or manner of 
truing the wheel. When a wheel is “too hard’’ it 
shows a glazed surface very quickly, and when a 
wheel is “too soft” it does not hold itself together; 
the logical thing to do is to select a wheel recom¬ 
mended by the manufacturer for the class of work 
being turned out. 

Nearly all the grinding operations are confined 
to the tool operation, and a medium grade is 
usually correct. 

Wood-working Tools — Wood-working tools for 
the gun shop enable one to manufacture stocks 
very economically, but for the small gun shop or 
the home workshop I can only recommend some of 
the small wood-working units put out by a few 
manufacturers. To my knowledge one of the best 
is the “Delta,” made by the Delta Specialty Co. 
of Milwaukee, Wisconsin. They make complete 
combination work shops which can be used by the 
beginner for nearly all roughing-out operations on 
gun stocks. 

There is great pleasure and fascination in mak¬ 
ing things from wood yourself. Every father 
might well construct a shop for his boy, allowing 
him to acquire the skill to produce work and to 
learn the use not only of his hands but of his head 
as well. Such investments often pay greater divi¬ 
dends in a boy’s education than any other. The 
tools placed on the market are practical and their 
catalogs list reasonable-priced tools for wood¬ 
working purposes. 
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Special Gun-Shop Tools and Accessories 


T HIS chapter is written to assist the advanced 
mechanic in laying an intelligent foundation for 
the more highly specialized fixtures used in gun 
work. It does not concern the special tools and 
appliances used in large manufacturing plants de¬ 
voted to gun work, but to the needs of the in¬ 
dividual, for methods of mass production would be 
of no interest to him. He is chiefly concerned with 
practical problems pertaining to a more highly 
developed practise and given to those who will cater 
to the needs of men who seek something just a little 
different from that turned out by set industrial rules 
here in America. Ask some of the British gun 
makers for something out of the ordinary that they 
do not manufacture; you will find them only too 
willing to supply your needs. In this chapter 
specific tools or parts of the equipment are set aside 
and dealt with practically. 

At the conclusion I know that the difficult 
problem of solving the drawings will only be dif¬ 
ficult because the beginner does not approach the 
problem in easy stages. Most of the drawings are 
explained in detail, and I shall take it for granted 
that he will help himself in many ways. These 
drawings exhibit a very high development of engi¬ 
neering skill, and I cannot neglect those who have 
devoted years of study to mechanical engineering 
for the man who cannot read a drawing. The man 
in the latter class should study the drawings and 
then construct a part from them to suit his par¬ 
ticular needs. The time will be well spent for the 
interested person. Sometimes apparent things are 
quickly forgotten, and in practical work the need 
for a quick and accurate solution is imperative. If 
a solution to a problem appeals to your reason as 
being right, it usually is right. Unfortunately it is 
seldom that another man’s device or method, or 
even his parts, can be used exactly as you used 
them. Either the work itself is somewhat different 
or the shop equipment is not the same; unless all 
conditions arc similar you cannot use the other 
man’s device in its entirety for your work. 

The field of special gun-shop equipment and 
tools is so wide that no one book can cover it, but 
the experience gathered here can be of great as¬ 
sistance to the ingenious mechanic in suggesting 
methods of simplifying some of the troubles en¬ 


countered and leading to the adoption of various 
accessories to overcome the difficulty and effort 
caused by makeshift contrivances often seen in 
small shops. If practical application is made of 
these illustrations, I am confident that those who 
follow the ideas will benefit thereby. All drawings 
presented here and elsewhere in these volumes have 
been proved from practical experience and nothing 
has been taken for granted. 

The same subject may sometimes be treated sev¬ 
eral times, as in the case of the checkering cradle, 
adjustable tool grinder, and rifle holder for testing; 
but each time it is treated in a more advanced man¬ 
ner, according to the increased understanding of 
the reader. 

Checkering Cradle — Figure 8 illustrates an 
all-metal checkering frame and bench made prac¬ 
tical by a rigid foundation and quickness of 
adjustment. This frame would only be practical 
in a large manufacturing plant and I would not 
advise the novice to construct it unless lie wishes 
to acquire experience in the construction of some 
of the advanced stages of mechanics. The two 
advantages of such a frame over the other simple 
ones, shown in Volume I, are the ball socket and 
the manner of clamping the work between centers. 
After the reader studies the drawing very closely 
the simplicity of its construction is quite apparent. 
The frame C is made from IV 2 x 2Y> inch angle 
iron with a \\ x \V± ratchet piece B and these 
are riveted together, using the blocking E in the 
center when the plates F come together. The block¬ 
ings D at each end are riveted, using inch 
rivets for that purpose. End stocks A are also 
made of angle iron measuring 4x6 inches, with a 
piece of x l bolted on the end. The bottom 
is bent at an angle of 22 degrees and 30 minutes, 
which engages the ratchet piece B } and when the 
bolts pull the end stock against a piece clamped 
between centers a considerable leaverage is possi¬ 
ble. The ball / is set on the end of the elevating 
screw, which makes it possible to turn the cradle 
at any angle in the act of checkering and is a fea¬ 
ture often needed. The clamping bolt may be 
adjusted to any degree of tightness desired. The 
large elevating screw makes it possible to carry 
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the height so that any build or height of person 
can adjust it to his stature. The two locking rods 
shown on the end of the bench and connected to 
the cradle are optional, and only an added feature 
in case the work is clamped between the centers 
requiring an extra-rigid clamping arrangement. 
The bench which supports the cradle can be made 
in any manner seen fit. 

The pointed set screws, which are shown, can 
be used for polishing riile barrels between centers 
when a barrel and chamber plug are employed; 
but for the purpose of checkering a stock, a cupped 
set screw should be inserted in place of these, as it 
does not have a tendency to split a piece of wood, 
as does a pointed screw. 

Adjustable Tool Holder — Figure 9 illustrates 
a highly improved tool holder to be used in con¬ 
nection with the bench grinder, and is one of the 
most practical tool holders for the purpose of 
grinding Hat wood-working chisels, plane bits, etc. 
The detailed drawing looks rather complicated, but 
it is really one of the most simple of devices to 
make. The saving in time pays the wood-working 
department to install such a tool-grinding fixture. 
The square rod E is the slide with B adjusted and 
the two small angle blocks, so it will just have a 
free sliding fit. // and F , two spacing tulies, and 
the adjustments for different angles are effected by 
bolts G, and any desired adjustments may be made 
so that any angle can be had by moving the arms 
J and K. When the desired angle is obtained, the 
bottom bolt is tightened and the center bolt is only 
made friction tight. The square slide rod E must 
be turned and changed each time a new angle is set 
and then retightened, and only the center bolt 
employed to control the amount of material to be 
removed. The center can be clamped tight and 
the square rod made so that any amount of mate¬ 
rial can be removed from a tool; therefore, either 
one serves a double purpose. 

The tool rest B is very simple in construction; 
a 2 x 2 inch angle iron is shaped for this purpose and 
made wide enough so that any plane bit can be 
clamped to its surface. Two pins or plugs are set 
in such a position that a plane or chisel can be set 
against their sides and they will come at right 
angles when ground; accordingly, the completed 
fixture should be set upon the bench at right 
angles. Many have expressed a desire for such an 
adjustable tool holder, particularly those who arc 
just starting out in the shop; they find it rather 
difficult to keep a wood chisel or plane bit at the 
proper angle on a grinder, hut with either this tool 
or the simple wooden one illustrated in Chapter TT, 
Volume I, it is possible to control the grinding and 


at the same time produce a perfect cutting bevel. 
Too much care cannot be exercised in the use of 
such a holder so that tools will not be burnt; but 
since wing nuts are used for clamping purposes, the 
tools may be very quickly removed and dipped in 
a can of water which should be close by; or water 
may be freely sprayed on the tool in the act of 
grinding. 

Barrel-cleaning Tools — In order to keep a 
rifle or shotgun barrel in perfect condition, suitable 
cleaning rods should be made, combined with all 
the strength possible to make the labor of remov¬ 
ing residue or other harmful agencies a pleasure. 
Figure 10 illustrates two cleaning rods and a water 
cleaning tube and funnel. The construction of the 
rods shows the best design I know of, and the rods 
are durable and strong enough to withstand hard 
usage. The parts shown in the drawing. Colonel 
Whelen and I worked out a number of years ago; 
and I know that those who were fortunate enough 
to own any which were made while I was in Phila¬ 
delphia understand the merits of its construction. 
The illustration gives the details of a caliber-.30 
cleaning rod, which is one of the most popular 
calibers. 

By showing a large detail of the joints the reader 
can readily see where the strength of joint lies. 
The male end should be threaded in a true-running 
lathe collet, and this is done in a sequence of 
operations on all the sections. First set the lathe 
tool to remove a roughing cut, leaving 0.020 inch 
for a finish cut, and at the same time form the 
radius. All sections are roughed to the currect 
diameter and stated length on one setting of the 
lathe tool. The second operation finishes these to 
size and forms the corner radius, also on one setting 
of the finishing tool with the correct radius ground 
on the corner. The third operation places the 
round recess at the end of the threaded section for 
the threading to free itself from the metal. The 
fourth operation is the threading of the ends, which 
is also accomplished in the lathe with a threading 
tool and the lathe geared up for the correct thread. 
The thread is chased within 0.005 of size and then 
finished with a finishing die similar to those used 
to finish a tap to a given size as explained in 
Chapter III. 

The operation on the female end is also achieved 
by similar operations. Each section is centered 
with a combination center drill, and then comes 
the second operation, drilling to the correct depth 
with a standard tap drill. The third operation is 
to ream the recess and at the same time form the 
radius on the inside to correspond to the radius on 
the male section; a special tool should be made 
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for this purpose which will ream the recess to the 
proper depth and at the same time form the radius 
when it reaches that point. The fourth operation 
is to tap all the sections; this also is done by 
holding them in the collets of the lathe and using a 
true-running tap; white lead should be used as a 
lubricant, and as the tap is started the lathe should 
be revolved by hand to check the tap to see if it 
is running true or given a true start for which it 
must continue the full depth of the tapped hole. 
After the ends are finished they are washed in 
gasoline to remove the chips. 

The turning of the ends or tips is the next opera¬ 
tion, and then drilling and tapping the tip for 
the bronze bristle brush. The operation of turning 
the end and planing the taper back from the tip is 
a regular lathe operation requiring no explanation. 
The handle may be made from either aluminum 
or cold-drawn steel. If steel is used, the center 
may be drilled out to remove a considerable 
amount of weight and then case-hardened, only 
allowing enough metal on the end to form the 
tapped hole. 

When making cleaning rods for other calibers, 
the corresponding size of drill rod should be used: 
.22 caliber, %«-inch rod; .25 caliber, % 2 -inch rod; 
7 mm. or .270 caliber Winchester, %-inch rod; 
caliber .30, % 2 -inch rod; .350 and .375 caliber, 


% 6 -inch rod. Rods for larger calibers can be made 
of drill rod or duraluminum, the same as shotgun 
rods, to reduce weight; or larger tips could be placed 
on the % L .-inch rod according to the caliber the rod 
is intended for. 

Six-inch short jointed cleaning rods are made 
similarly. For caliber .30, a % 2 -inch drill rod is 
employed, and for the handle end a %-inch length of 
drill rod is used, turned up to IV 2 inches on one end 
to a % 2 -inch diameter and then the Vi-inch s i ze is 
knurled. Six of these lengths are used, and the 
very neat and compact rod, when finished, can be 
conveniently carried in the butt stock under the 
butt-plate trap. 

A complete description of the caliber-.30 clean¬ 
ing rod has been given; therefore one will not be 
necessary for the shotgun rod as illustrated in 
Figure 10. The same-sized rod may be used for 
all gauges, except that different-sized lips must be 
made for the ends. The cleaning tube and funnel 
illustrated in Figure 10 is rapidly losing the favor 
it had a few years ago, because of the use of the 
new' primer mixture; but many still include this 
among their equipment. The tube is made from a 
piece of heavy tubing measuring Vi x % inch, and 
the hole is enlarged to % 2 inch for a .30 caliber 
one end is knurled and then drilled out to take the 
end of the funel. An adjustable locking collar is 
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Fig. 12 

A model testing house with shooting bench made so that the user can fire from eithor right or loft sido 


made with a screw; this is used for two pur¬ 
poses—to lock the collar in place, and to keep the 
tube in position when it is inserted in the receiver 
and turned into its locked position. 

The funnel is made from copper, which is cut 
out, formed, and the seam soldered, as shown in 
the drawing. A caliber-.30 cartridge case is cut 
off and soldered to the bottom, and because of the 
slight taper in the case a very light fit is possible 
in the drilled and tapered end hole. Different 
designs may be made to suit any rifle, and since 
the foundation has been laid I suggest that the 
reader construct such a device even if he uses a 
cartridge case with the end drilled out and a tube 
soldered to it. 

Rifle Holder —Figure 11 illustrates an im¬ 
proved rifle holder for targeting and testing pur¬ 
poses. Chapter II, Volume I, shows a simple 
form of holder, but those who wish something a 
little different from the ordinary can construct one 
of these. The holder may he made from an 


aluminum casting instead of a piece of maple, and 
the stake from a piece of % x Vs inch angle iron. A 
series of holes arc drilled on one side so the 
sprocket B can work in these to secure the “up 
and down” movement. Very close adjustment is 
possible by holding the clamping screw just fric¬ 
tion-tight, and when the correct position is reached 
the block is tightened into position. The face of 
the radii is covered with leather, glued, and 
screwed into position. 

Every rifleman should have one of these hold¬ 
ers; it not only enables him to secure perfect 
groups, but it proves the only means of securing 
the proper sight-setting on a rifle. It is used in 
the sitting or prone position, and when an elbow 
and muzzle rest is required, a shooting stand should 
be made like that shown in Figure 12 (the form 
of testing bench used at the range). A right- or 
left-hand shooter may also use this table. The top 
of the upright is padded and a leather covering is 
put over the material used under the leather. 
Hair used to pad furniture is good for the padding. 
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Rifle Machine-rest for Accurate Shooting — 

The object of employing a rest when testing 
ammunition for accuracy is to minimize error and 
to stabilize the best methods of bullet manufac¬ 
ture. With the very best rest it is possible to 
eliminate any source of error to a great extent, but 
not entirely, in some designs. Many factors enter 
into their operation, and in the final analysis the 
human being who operates a machine rest, no 
matter how well designed, can always make a mis¬ 
take, even tho it is a minor one. 

At the Frankford Arsenal we came to the con¬ 
clusion that the Mann form of mechanical rest 
was the only one worth considering; that is, if 
the greatest possible accuracy was to be expected. 
The Mann rest is the six-point rest with the best- 
located set of six points yet devised for testing 
ammunition only. Before any description is given 
of other forms of machine rests, it must be remem¬ 
bered that every experimental type of rest may 
have its own peculiarities, and that the sighting to 
give a central impact of shots with one type may 
give a very wide group with another form of 
design. 

This is due to the fact that every ride barrel 
vibrates when fired, and that any particular con¬ 
trol of the barrel interferes to a certain degree 
with all vibrations, and consequently with the line 
of departure. Slide rests and similar mechanical 
devices requiring a means of clamping the ride are 
not altogether satisfactory. The most usual 
example is the Frankford Arsenal rest, in which 
the ride is clamped at various points, pressure 
being applied by winged nuts, and the whole mass 
of metal recoils in a solid V-shaped slide. After 
each shot a heavy spring returns the rest to its 
firing position in the Vs ready for the next shot. 
These rests are known as fixed rests. 

There are two serious objections to the Frank¬ 
ford Arsenal rest: first, a highly skilled mechanic 
must bed down the ride and watch it continually; 
secondly, the resulting groups are not the exact 
results of a perfect barrel, of a perfectly designed 
bullet, or of a ride in its own stock. 

The rest designed on the principle shown in 
Figure 13 proves the true accuracy of a ride fairly 
well; still, a number of experimental factors can 
be considered, and one is the clamping at the 
muzzle. Instead of a three-point screw bearing, 
plungers could be used with springs, having screws 
for the correct pressure on the plungers to allow 
for vibration. 

There remains the true geometric method 
attained by Dr. Mann’s six-point rest, which is the 
most perfect for testing the accuracy of ammuni¬ 
tion. When six definite separate points control 


the position of the ride barrel, it can be replaced 
on the rest time after time in exactly the same 
position. Naturally it is essential, in order to 
achieve this, that the points should rigidly main¬ 
tain their relations to one another and to the 
concrete base to which they are fixed, while the 
cast-iron base itself must be bolted to it so that 
adjustments are possible for elevation, depression, 
and windage. The reason for these six defi¬ 
nite points is that every body has six degrees of 
freedom: three of translation and three of rota¬ 
tion. 

T)r. Mann solved the problem hy locating the 
six contacts in the best manner for testing the 
accuracy of a cartridge. At times it is found 
essential to test the cartridge alone. For this 
purpose Dr. Mann used a barrel weighing, with its 
action, nearly fifteen pounds. By preference much 
of the weight was placed in the barrel. The barrel 
was mounted in two concentric rings of solid metal, 
one near the muzzle and one near the action. Any 
convenient action was fitted to the barrel and the 
whole was set on a heavy casting with a large V, 
capable of being elevated and traversed. The V 
carried a front stop up to which the front ring 
was set and also a lateral stop for revolutions to 
insure that the trigger guard or the action was 
always revolved to the desired location—12, 3, 6, 
or 9 o’clock. Very little effort is required to 
release the trigger without moving the gun, and 
the actual defects can be checked in the ammuni¬ 
tion. The shooting of such a rest must be seen 
and used to be appreciated. 

Machine Rest — Many rifiemen and gunsmiths 
have expressed a desire for a machine rest for 
testing purposes. The machine rests we had at 
the Frankford Arsenal would be too elaborate in 
design and far out of reach of the average 
rifleman or gunsmith. Figure J3 illustrates one 
of simple design which is very easy and economi¬ 
cal to construct. It is made on the same principle 
as the rifle vise shown in Figure 87, except 
that the vise is clamped to a heavy back plate 
and this is clamped to a heavy piece of angle 
iron which is bolted to a 2-inch piece of cast-iron 
set upon or in a concrete foundation. A simple 
method of adjustment is possible in any direction 
by set screws. The nuts are left friction tight, 
adjustments made for a few trial shots, and then 
the clamping nuts are made tight. Suitable bush¬ 
ings must be made as shown on the barrel-vise 
drawing to fit the barrel ahead of the receiver, and 
when once the barrel is clamped as it can be in 
such a vise, the most severe recoil will not move it. 
An inclinometer may be placed upon the barrel 




Fig. 13* 

Improved machine rest design for accuracy trials 
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vise, providing all parts are at right angles and 
level, to check the angle of departure of any 
ammunition used. 

The concrete foundation should extend in length 
to take the longest barrel made, which is 30 inches; 
the shortest may be 18 inches. One set of clamp¬ 
ing bolts must be placed in the proper position to 
bolt down the forward bracket, which is shown in 
the same illustration. The muz 2 le clamping 
bracket is of cast-iron with three adjusting thumb 
screws. Standard set screws may also be em¬ 
ployed, but because a fine and light clamping effect 
is necessary at the muzzle of any rille barrel, 
thumb screws are preferred. By drilling a series 
of holes in the base of the casting, the bracket can 
be moved to take a long or short barrel; or by 
placing it in the holes drilled close to the upright 
part, a difference of a two-inch adjustment is possi¬ 
ble. The front bracket should be in such a position 
that it clamps the muzzle between two or three 
inches from the end of the barrel. The thumb 
screws should be adjusted so that they just touch 
tlu* barrel, and then the thumb nuts should be 
locked in position so that the screws will not jar 


loose in the act of firing. Those who wish 
to construct one with a recoil cylinder to take 
up the recoil could have a cast-iron plate made 
and also a base to place all these arrange¬ 
ments on. The base and plate have a V-form 
of groove with top gibs to take up any lost mo¬ 
tion and yet leaving it free to move when recoil 
takes place. A cylinder or a spring could be pro¬ 
vided in the center to return the rest back in 
position after the shot is fired. T his construction, 
however, would require a considerable sum of 
money. 

Screw Head Polishing Fixtures — Figure 14 
illustrates two methods of holding screws to a. disc 
grinder for polishing the heads of rifle, revolver, 
or shotgun screws requiring true flat heads. 
Holding a screw with the fingers is very unsatis¬ 
factory for polishing or disc-grinding them. The 
square blocks shown naturally require a large 
number for all the different screw heads encoun¬ 
tered in the repair of different firearms; therefore 
an adjustable feature is used. A small drill chuck 
is purchased for this type and made over to take 
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any screw. The chucks cost about twenty-five 
cents. The two-inch bonnet is threaded to the 
outside of the chuck, and on the end a plate is 
made to take the different-sized heads encountered 
or as given in the table of screw dimensions. The 
depth-adjusting screw E is fastened to the wooden 
hie handle with two locking nuts which lock the 
screw at the correct length; very close adjustments 
are possible. 

The % x % x 1V£ inch steel blocks are a simple 
means of holding screw's, and they can be made 
as needed. Close adjustments are possible with 
these blocks, and after all the machine operations 
are completed the blocks should be hardened, or 
they can be made from cold-drawn steel and case- 
hardened. If tool steel has been used the end 
should be drawn to a blue to insure considerable 
spring. A wedge should be driven in and wired in 
position so the blocks will not close in when 
hardened. Any one attempting the construction 
of either the blocks or the universal type of screw 
holder should not find difficulty in their making. 

Telescope Holder — Figure 15 illustrates a 
holder for a spotting telescope very simple to 
make. The jointed rods are made from cold-drawn 
steel. The end of one rod is bent to hold the 



Fig. is 

Whelen spotting telescope holder: Very simple to make 


front of the telescope while the other is straigh: 
to fit the aluminum notched holder, and is ad^ 
justed by means nf a wing nut. The notches are 
placed a certain distance apart, making it possible 
to adjust the telescope on a horizontal plane, and 
other targets may be seen as well as your own. 

This holder was gotten up in the days when we 
were shooting on the Frankford Arsenal rifle team. 
Charles Hogue, one of the members, originated the 
idea and I developed it. It has proved to be a 
good holder that can be constructed at a reasonable 
cost, and at the same time is one of the most com¬ 
pact when disassembled. After it was completed 
and a pattern made, it was given the name of the 
Whelen telescope holder, as Colonel Whelen was 
the organizer of the Frankford Arsenal Rifle Club 
at that time, and he also gave some valuable sug¬ 
gestions for its construction. 


Bolt-bending Fixture — Figure 16 illustrates a 
vise block and a handle to bend the bolt handle 
on Springfield, Krag, or Mauser bolt-action rifles. 
The bending of any bolt is not advisable without 
a fixture of this kind. It is often necessary to 
bend and also grind a Springfield bolt to clear a 
telescope sight. The bending wrench is made from 
a piece of cold-drawn steel measuring % x l%x 12 
inches and notched to fit over the tapered part of 
the handle. The bolt is clamped between split 
blocks in the vise, and a wet cloth is placed over 
the top, making it impossible to anneal the end 
of the bolt at the clamping point. Considerable 
heat is required, however, before it runs down to 
the bolt proper. An acetylene torch is necessary 
to heat the bolt at the desired point of bend. The 
holt, at that point should he heated cherry-red. 
When the required heat has been reached, place 
the notched wrench in position and bend the 
handle. The bend in the handle should not be 
short, but straight and continuous. When bending 
a bolt handle, the under side of the round knob is 
usually milled off. To do this it is necessary to 
anneal the knob before a milling cutter will touch 
it. It is never necessary to reharden the handle 
after these operations. It need only be highly pol¬ 
ished again or the entire bolt reblued. Some very 
clever alterations have been made on bolt handles 
to suit some special requirements or individual 
ideas, but I only advise the round knob for quick 
handling and operation, as it fits the position of 
the hand best. 

When using the vise blocks it will be well to 
turn up a special steel plug to fit into the end of 
the bolt so that there will be no danger of crushing 
in the end when pressure is exerted. Some men 
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Bending fixture lor bolts, such as on Springfield, Krag, Mauser, Winchester Model 54, or any other 

bolt-action arm 


use a hammer 10 knock over or bend it in the 
desired position, but it is not a good method; it 
only requires a short time to drill and file out a 
wrench for this purpose. 

Bullet-drilling Fixture — Figure 17 illustrates a 
bullet-drilling fixture for drilling the ends of bullets 
in fixed ammunition, particularly the Frankford 
Arsenal caliber-.30, Model 1906, 172-grain boat- 
tail bullets or any other full-metal-patch projec¬ 
tiles. A similar fixture was made at one time for 
Colonel VVhelen which proved very successful. 
The same fixture can be made for any other cart¬ 
ridges when the points of bullets are to be drilled. 
It may either be used in a drill press or by hand if 
no form of motor or drill press is available, or if 
one only has a small bench to work on. 

Drilling into the ends of bullets has been rather 


disparaged in late years by different writers. Such 
advice is well grounded, but if one uses good judg¬ 
ment in drilling, he need not be alarmed. I have 
made extensive tests of bullets drilled with differ¬ 
ent-sized holes in the ends, measuring from 1/16 to 
0.20 inch. The tests were made on a hydraulic 
press to see just what pressure was required to 
start the lead through the holes that were made 
in the bullets’ ends. Holes between 1/16 inch and 
Ys inch took between 70 and 150 tons of pressure to 
start the core through the small openings made, 
which proves that it requires between three and 
six times more pressure even to start the core than 
the pressure developed with the explosion; there¬ 
fore, if it only requires 2200 pounds to push the 
tightest bullet through a barrel, the margin of 
safety is very great and to obtain the desired 
results upon game, a drilled pointed bullet of the 
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Fig. 17 

Drilling fixture and drilling Jig to drill points of bullets in fixed ammunition such as the caliber .30 Model 1906 or any 

other types of ammunition 


Frankford Arsenal make, particularly the new 
boat-tailed ammunition, will give the results 
always looked forward to in the game field. I 
not only use these myself, but recommend them 
to others; it has been proved that it is the only 
practical ammunition to use. 

The ideal diameter of hole drilled in a bullet 
for quick killing effects is between % 2 inch and 3 /s 
inch to a depth of %«; inch in the end. Use a com¬ 
bination center drill and allow the countersink of the 
60-degree angle to open up the end; which proves a 
better means of expanding the bullet as it strikes 
an animal. There are so many conflicting reports 
of the effects of bullets upon animals that it is 
difficult to accept any except from those who have 
conducted various experiments with all kinds of 
ammunition, proving without a doubt what one 
particular kind of ammunition will do and then 
extending experiments to the drilled-pointed bullets 
to prove even superior results with a well-defined 
combination to carry ammunition which will drop 
any animal in its tracks instantly. 

The illustration of the bullet-drilling fixture is 
favorably shown so that any one can proceed to 
make one with only the parts as they are drawn, 


and I do not believe that any further information 
is necessary. This is one device that every one 
should have, especially those who do very much 
hunting and need ammunition whLh can be de¬ 
pended upon. Some of the following suggestions 
may be of benefit to those wishing to make one 
of these fixtures. A pattern is made and the entire 
part fashioned from an aluminum casting. A 
standard chambering reamer is used to ream out 
for the cartridge case to a depth where the bottom 
of the case will come flush with the bottom. 
Allow the bottom plate to fall in place, and when 
it is possible, apply a little pressure on the thumb 
screw to keep the cartridge in position while drill¬ 
ing takes place. If it is made for hand drilling, a 
bracket may be combined with the body so that 
it can be screwed to the side of a bench, table, or 
even a convenient upright so that it is possible to 
turn the crank and exert enough pressure to drill 
the hole. Drilling the ends in a drill press or with 
a small motor would he a very simple operation 
compared with the use of the hand drill, but the 
hand fixture is very welcome as long as holes can 
be placed in the end of a bullet to render the 
desired results. 
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Tools and Methods oi Tool Making 


B EHIND the development of firearms—in recent 
times a constant evolution—stands the tool 
maker. Hand tools were made first, and then with 
the building of various labor-saving machines came 
the creation of tools necessary to go with them: 
for this reason a higher refinement traveled with 
that evolution until today we carry out some very 
precise measurements to make tools perform to a 
given standard set by natural law and understand¬ 
ing. The gradual development of machine tools and 
methods of manufacture brought an eager increase 
in the required accuracy and refinement of work¬ 
manship. The demand upon a tool maker is for 
more precise methods and greater skill. Today, 
therefore, the large body of tool makers represents 
the most skilled, the most inventive and the most 
intelligent element in the army of the mechanical 
trades: their work forms the great backbone of our 
immense industries. 

The fundamental requirement of a tool maker in 
rifle work is accuracy in all vital measurements. 
The introduction of high-speed steels many years 
ago demanded greater skill in the construction of 
the tools and the correct heat treatments, simply 
because the pressing demand for higher velocity in 
rifles and the hardness of steels used in their con¬ 
struction necessitated cutting tools which would 
maintain their cutting edges. The design of ef¬ 
ficient and complete sets of barrel tools requires a 
highly developed knowledge of various machine 
methods and a thorough understanding of the ma¬ 
chines for which such tools are made. 

It is usually understood that a tool maker is a 
machinist who has developed greater knowledge of 
his trade than is merely sufficient. Many a tool 
maker should still be a machinist and many a ma¬ 
chinist should do his best to advance to that higher 
plane of mechanics where he may make such tools, 
gauges, or gun parts as will decide the accuracy of 
a firearm. 

The man advancing in general knowledge of this 
subject should be familiar with the accurate reading 
of all measuring instruments such as the microm¬ 
eter, vernier (as applied to the vernier caliper), 
vernier depth gauge, and vernier height gauge. He 
must not take anything for granted when accurate 
measurements are necessary. A barrel reamer 


should always cut to an exact size, but experience 
has proved that invariably it docs not do so when 
first made. It must be stoned and regulated until 
the gauge or micrometer size is secured. While ex¬ 
treme care should be exercised when accuracy is 
essential, there are parts of many tools in gun work 
where approximate measurements will suffice. If 
within 0.010 inch is sufficiently exact, then it is 
folly to spend long hours to get a size within a 
limit of the 0.0001 of an inch which is often seen 
upon arsenal drawings. 

Approximate measurements are those made with 
the aid of calipers, dividers, surface gauges, etc, 
set to a steel scale. Precision measurements are 
obtained hy the aid of the various measuring instru¬ 
ments graduated to read very small fractions of an 
inch or millimeter; also by the use of Johansson 
reference gauges and standard test bars which are 
often accurate within a limit variation of 0.000008 
of an inch. In using the micrometer, the vernier, 
or any of the instruments which should give ac¬ 
curate readings, it is necessary to use the greatest 
care in setting the tools—above all, the vernier. In 
setting the latter, a powerful magnifying glass 
should be used so that no error will be made. In 
the use of the micrometer a touch should be devel¬ 
oped much finer than the ratchet stop is capable of. 

Necessary Instruments — If the interested 
reader will secure two catalogs of tools sent to any 
address for the asking the Brown & Sharpe and 
the L. S. Starrctt books of machinist tools he can 
pick out the tools as they arc named. The vernier 
height gauge is a very useful instrument for laying 
out templets, setting sine bars, checking various 
steps in various-form gauges by the use of Johans¬ 
son blocks and other tools requiring very accurate 
height measurements, and for locating working 
points, holes, etc. The fixed base is of sufficient 
thickness to allow the gauge to stand upright. An 
extension attached to the movable jaw can be used 
to scribe lines when laying out measurements. In 
the absence of a height gauge, the regular vernier 
caliper may be made to answer the same purpose 
by making a base which may be attached to the 
fixed jaw. The vernier caliper is a very useful tool 
for taking length measurements; one of nine or of 
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twelve inches is the most convenient to use. The 
vernier depth gauge and micrometer depth gauge 
are two very useful tools to secure depth meas¬ 
urements in recesses, flanges, etc. Either one 
of these instruments is a matter of choice among 
tool makers, but the vernier depth gauge is the one 
usually preferred. 

Micrometers — These measuring instruments are 
well known and do not require any introduction. 
The 1-inch size is the most used; therefore, two 
should be included in all tool makers’ kits; one 
with a vernier reading to 0.0001 inch to be used 
for precise measurements and the other just a plain 
instrument reading to 0.001 to be continually used 
for all rough measurements. A lapping block 
should be provided for lapping the spindle, as il¬ 
lustrated in Figure 18. These must be made as 
they cannot, to my knowledge, be purchased. The 
lapping block is made from cast-iron with two 
small knurled handles, and the face of the blocks 
is charged with diamond dust prepared as explained 



Fig. 18 

Micromotor ball points, lapping fixture for spindlo. and 
anrll of same. Ball points are for the purpose of taking 
measurements on rounded surfaces 


in Chapter IV, Volume I. The spindle face plate 
is made from tool steel, hardened and accurately 
ground. A square hole is filed or broached in the 
center and a small thumb screw is set in the center 
opposite a V. After the hardening of the plate it 
is clamped on an accurately ground arbor by the 
thumb screw and the face ground with the edge of 
the wheel on a cylindrical grinder, and then the 
face of the plate is lapped to remove all grinder 
marks. 

Bevel Protractor — This instrument is in almost 
constant use by the tool maker working on rifle or 
cartridge tools; therefore, the best should be pro¬ 
cured with the vernier scales to read minutes of 


angles. These instruments are very accurate, finely 
made, and capable of checking any angle; or they 
can be set for any angle as it is turned or ground 
on a machine. 

V-Blocks — A pair of accurately hardened and 
ground V-blocks is a necessary part of every tool 
maker’s kit. The best will he the ones made by 
yourself, as Figure 19 illustrates. Xaturally, you 
can procure a very accurate pair from Brown & 
Sharpe, but the ones made by yourself will be the 
more highly prized. They are first machined from 



Fig. 19 



V-Blocks and clamp 


tool steel which consists of milling machine opera¬ 
tions and then they arc hardened and seasoned. 
Refer to Chapter VI1 for this information and then 
accurately grind all over on a surface grinder by 
grinding both together. Both are alike, and after 
they are ground the grinder marks are removed by 
lapping on a lead lap. A clamp is also made as 
illustrated to hold work to drill or to he laid out; 
oftentimes two are required, but one usually serves 
the purpose. 


Cube — A cube block often becomes one of the 
most essential tools in gauge work. Figure 20 il¬ 
lustrates one with two plugs used as a sine bar. 
This tool cannot be purchased; making it requires 
a considerable length of time. The material used 
is an oil hardening steel, hardened and seasoned 
and accurately ground all over. Even the holes 
which hold the sine plugs are internally ground; 
therefore, the closest precision work is done to make 
it as perfect as possible. Holes are drilled and 
tapped for Vi-inch standard screw’s on all sides to 
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hold the work clamped in various positions. The 
small shallow vee's which are milled on the bottom 
are to place cylindrical plugs of the correct diam¬ 
eter in order to secure different angles with the 
sine plugs. Clamps arc also made to hold parts on 
the surface of the cube, as arc shown in the 
illustration. 

Center Gauge — The center gauges sold by the 
leading tool manufacturers are perfectly satisfac¬ 
tory where accuracy is not important, but for the 
very close accurate setting of the threading tools 
we must have instruments that can be set between 
lathe centers with accurately ground angles; when 
these discs are placed against the angle of a thread 
tool, they are known to be on perfect center. 
Figure 21 illustrates this tool, which can be made 
in one s spare time, particularly when much thread 
chasing is anticipated. The thread tools can be set 
up on the cube and very accurately ground; con¬ 
sequently, extremely accurate threads can be cut 
with such combinations. 


chuck can be done very rapidly in comparison with 
a lathe test indicator. 

Test Indicator — Naturally, a test bar will call 
for an indicator, but since there is such a large 
variety to choose from, it is sometimes difficult to 
choose the best. I would advise an Ideal indicator, 
which is, incidentally, the most inexpensive. 

Die-maker's Square — Many die makers and 
tool makers use an adjustable square having three 
different blades. The narrow blade is used to pass 
through an aperture in a die. The amount of clear¬ 
ance given to a die is determined by judgment of 
what the die produces and the nature of the ma¬ 
terial. These squares are used very much in all 
types of work. 

Knife-edge Straight-edge — A straight-edge is 
a necessary part of any tool maker’s kit, and par¬ 
ticularly the knife-edge type. Many tool makers 
have several, varying in length from one to seven 



Center Test Bar —Figure 22 illustrates a cen¬ 
ter test bar far superior to the lathe test indicator 
shown in the tool catalogues. After the bar is 
hardened it is rough ground and seasoned, and 
then finished ground. A test indicator is used in 
connection with one of these bars and the setting 
of any work whether on the face plate or in the 


inches, or even longer. Straight-edges should be 
kept in a case so that their edges will not become 
marred. Figure 23 illustrates two straight-edges; 
one is made from square high-carbon steel and one 
from a razor blade. The latter makes one of the 
best known. The former straight-edge is machined, 
accurately ground, and lapped after being thor- 



Fig. 22 

Center te*t gouge: Used to true work on a lathe. The back end is held by the dead center while the pointed end Is 

placed in a center punch mark and the work trued with a sensitive indicator 
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Fig. 23 

Knife-edge straight-edges used to check flat surfaces 


oughly seasoned. The flat surface should be lapped 
by hand by following the instructions given in 
Chapter IV, Volume I. It will be necessary to 
finish by oilstoning with a fine Arkansas stone to 
remove any high places that are not removed by 
lapping. To check straight-edges test on a master 
straight-edge either of steel or glass. 

An endless list of tools and instruments could be 
given here, but since 1 have named the foregoing 
tools T shall assume that the reader has sufficient 
knowledge of mechanics to enable him to go even 
farther than T have gone. Remember that it often 
pays to create your own tools, making some just a 
little different from those you see in catalogs. They 
are easy to copy, but try to avoid duplicating tools 
you see in circulars. Re original in your design 
and just prove how possible it is to have some¬ 
thing better and far more efficient than those that 
can be procured by money. 

One more point to remember is that a tool maker 
should always have at hand a small bottle of blue 
vitriol or coppering solution to color the surface on 
which lines are to be laid out, etc. Chapter XVI 
contains these formulas. The coppering solution 
produces a copper-colored surface when applied to 
polished steel which is free from grease and dirt. 

The subjects of steels, their proportions, anneal¬ 
ing, hardening, and tempering, have been treated in 
separate chapters and have been presented to the 
reader in a way which might seem rather difficult 
to fathom except for one directly in contact with 
the treatment of steel. Tool steel is used for tools 
intended for working metals in gun work or any 
other hard materials. The tool maker should have 
a thorough understanding of the different metals 
and a knowledge of some of their peculiarities in 
order to work them successfully. 

Carbon is the element in tool steel that makes 
possible hardening it by heating to a red heat and 
plunging into a cooling bath. A bar of tool steel 
from the rolling mill or even the forge shop is some¬ 
what decarbonized on its outer surface, and in cer¬ 
tain steels to a considerable depth; therefore, this 


portion may not harden, the results being far from 
satisfactory. For this reason, if a tool is to have 
cutting teeth on its outer surface, such as cham¬ 
bering reamers and other barrel tools, it is neces¬ 
sary to select stock of a larger diameter than the 
finished size of the tool so that this decarbonized 
portion may be removed. About Y J0 inch addi¬ 
tional is usually allowed on stock measuring y 2 inch 
or less; Vs inch for sizes up to \ Y> inches; for over 
this diameter % inch will be sufficient. 

Tool steel may be procured in almost any form 
or quality; do not rely upon all the information 
which catalogs contain, but use some certain steel 
best adapted to your particular needs. Tests 
should first be conducted to determine the steels 
best for your purpose; the cooperation of the steel 
companies should be secured to help solve your 
problems. 

Roth high-carbon and low-carbon steel-cutting 
tools should be made from a high-carbon steel if 
the metal is to be forged or hardened by an ex¬ 
perienced tool maker. Rut if the steel is to be 
healed by an inexperienced man it is not safe to 
select a steel having a high percentage of carbon. 
For non-cutting tools, of which there are many in 
gun work, a low-carbon steel having one per cent 
carbon or less is preferable, because with this steel 
there is not so great a tendency to spring in the 
hardening. In many such cases it is advisable to 
select alloy steels hardened in oil, and there will be 
less chance of cracking the tools thus made. 

Hammered steel is prized more highly than rolled 
steel for rifle or shotgun work, but many authorities 
will not agree with me on this point, it is usually 
conceded, however, that the best tools can be made 
from forgings if the heating and hammering have 
been correctly done. The steel should be heated 
uniformly throughout and hammered carefully with 
heavy blows at first. Tighter blows should follow, 
and when the piece passes from low red to black, 
extreme care should be used to avoid crushing the 
grain. Steel properly heated and hammered has a 
close fine grain. 
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It is advisable, when cutting a piece of tool steel 
from the bar, to use a cutting tool such as a saw. 
It is considered poor practise to weaken the bar 
with a cold chisel and then break it by a sudden 
blow. This so disarranges the particles of steel 
that they do not resume their proper relations with 
one another when hardened. If it is necessary to 
cut the steel with a chisel, it is best to heat the 
bar to a red heat; in this condition the steel may 
be cut off without injury. 

A piece of tool steel that is to be hardened should 
never be straightened when cold, as it is almost 
sure to spring when hardened. If it is bent too 
much to remove all the decarbonized steel when 
being turned to size, it is best to use another piece 
of stock; but if the bent piece must be used, heat 
it to a red heat and straighten. 

In order that tool steel may be soft enough to 
work easily it must be annealed. Steel can usually 
be purchased annealed much more cheaply than it 
can be annealed afterwards. Annealing or normal¬ 
izing removes the strains or the tendency of the 
steel to crack and spring when hardened. Strains 
are caused by rolling and hammering in the steel 
mill or forge shop. To remove the tendency to 
spring, the piece of steel should be machined some¬ 
where near to size, sufficient stock being left to 
machine all over after the normalizing operation. 
See Chapter VII. 

The use of high-speed steels for cutting tools has 
not only revolutionized machine-shop methods, but 
rifle work as well. The results obtained from the 
use of high-speed tools in rifle work are dependent 
in a very large measure on the way in which the 
Louis are made and used. As they are principally 
valuable for barrel drills, reamers, etc., and also 
for roughing purposes, it is apparent that they 
should be made strong and of such shape as to 
secure the greatest efficiency possible, the hardening 
to be done in proper furnaces. Burnishing reamers 
are prized more highly when made from high-speed 
steel and also other tools of this nature. Many au¬ 
thorities do not agree upon this point, probably 
because they have only examined tools made 
through the regular process of manufacture, but if 
a high-speed cutting tool is given the correct heat 
treatment and ground and lapped to size or even 
stoned it will outlast other tools four to one. 

Standard Tools — The tool maker is often 
called upon to make some very odd tools, so he 
should be prepared to adjust himself to any emer¬ 
gencies which may arise. Special drills are often 
requested for a form of work where a twist drill 
would not answer the purpose. For certain classes 
of work tlie single-lip drill becomes very useful; it 


has but one cutting edge and its action is similar to 
that of a boring tool as used in a lathe. Before 
this drill is used a smaller hole is made and the 
body of the drill, being the size of the hole drilled, 
insures the cutting of a straight hole, even in drill¬ 
ing work which has been partly cut away. This 
form of drill does not cut as rapidly as the standard 
forms and consequently is not used where a twist 
drill would do satisfactory work. There are many 
suggestions which could be given in making differ¬ 
ent drills, but since drills of the twist variety arc so 
reasonable it does not pay to construct your own 
except for a straight hole. 

Taps — The taps measuring l /± inch in diameter 
and smaller are as a rule made with vee threads 
whose sides form an included angle of 60 degrees 
or with round top and bottom threads. Taps larger 
than % inch are made with the United States 
standard form of thread which has an included 
angle of thread of 60 degrees the same as the V 
form, but with one-eighth of the altitude removed 
from the top and one-eighth filled in at the bottom. 
The V-shaped thread taps are made in various 
pitches for each different size but the United 
States standard has a definite pitch for each diam¬ 
eter. 

Taps measuring inch in diameter or smaller 
arc best cut on a Pratt & Whitney bench lathe with 
a screw-cutting attachment. They can also be cut 
on any screw-cutting lathe, but better results arc 
obtained on the small precision lathe. If a number 
of taps are to be made they are best cut with screw 
dies made similar to a hollow mill. This operation 
is best done on a screw machine but a lathe can 
also be employed when a die holder is used, al¬ 
lowing the die to feed upon the blank of its own 
accord. The method used for gauging the correct 
size varies in different shops. Some use a thread 
micrometer while others use the three-wire system 
of measurement; but for taps of the same size, such 
as gun taps, a sizing die is used to give the thread 
the correct size. The threads are cut to within 
0.004 inch with the hollow screw die and finished 
with a sizing die of the same form. 

Taps for general use around the shop are often 
made in sets of three. The first tap to enter the 
hole is called the ‘Taper tap” because of the long 
chamfering or taper. The second is known as the 
“plug tap,” which has the first two or three end 
threads chamfered and is used when the screw is 
to go nearly to the bottom of the tapped hole. The 
“bottoming tap” is used when the thread is to go to 
the bottom of the hole; the end of this tap is not 
chamfered. 

Hand taps are intended for tapping holes by 
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hand and are usually made in sets of three as 
previously explained. After being normalized the 
shank should be turned to size and the square end 
milled for a tap wrench. The body is then turned 
to size and the thread cut. Before turning any of 
the parts to size or starting to cut the thread, be 
sure that the centers of the lathe are in good con¬ 
dition—the live center should run true. The dead 
center should also be ground to the correct angle 
and in good shape. It is advisable to grind the 
thread tool on the cube set-up to an angle of 30 
degrees; first grind one side and then the other, 
making allowance for the proper clearance. There 
are various forms of thread-cutting tools, but the 
standard % 0 -inch Armstrong tool holder (using a 
%rt-inch high-speed tool bit) is as good as any I 
have found in practise. Instead of having the point 
of the threading tool come out straight, a slight 
downward incline is stoned to the point. This 
simple stoning operation imparts greater strength 
to the point, and, besides, gives a perfect finish to 
the threads as tho goose-neck tools were employed. 
The cutting point of the tools should be on the 
exact center and the tool set to the proper angle 
by the center gauge described in the first part of 
the chapter. The dial should be employed on the 
cross feed when cutting threads, and only a 0.001 
to 0.002 inch cut taken on each setting. A cross¬ 
feed screw-cutting stock is also a very handy part 
to become accustomed to using in screw cutting 
when any adjustments take place. Reference 
should he made to the graduation on the cross-fccd 
dial. 

After the thread is cut to size and the ends 
chamfered, the tap is ready to be fluted or grooved 
in the milling machine. The tap is held between 
centers and the flutes cut with a cutter especially 
adpated to the size and style nf tap. While the 
grooves are best cut with a milling-machine cutter, 
it is possible to cut them in a shaper, using a tool 
of the correct form. Great care should he taken 
not to stretch the thread by a heavy cut or by 
using a dull tool. 

The grooves cut in taps are ordinarily termed 
flutes the same as in reamers. A tap that is to run 
through the work without backing-out can have a 
flute of a different shape from one that is to tap a 
deep hole in a piece of steel where it is necessary' 
to reverse the motion of the tap every two or three 
revolutions to break the chip and also to allow the 
lubricant to reach the cutting lips. 

While all taps up to and including those which 
tap a receiver are usually given four or more 
straight flutes, special flutes are sometimes de¬ 
sirable, especially with small taps in gun work. 
With spiral flutes, it is generally necessary to cut a 


smaller number than with straight flutes, and since 
special taps are not often ground after hardening, 
there is no objection to giving an odd number of 
flutes as in the case of a barrel reamer in which 
three spiral flutes are often cut. A large number 
of small special-thread taps are used for firearms, 
but the three straight-fluted taps are the ones 
mostly used. 

When taps are used to tap tubing having thin 
walls, the tubing between the lands has a tendency 
to close into the flutes of a tap and is liable to 
break the tubing or the tap. In such a case there 
should be double the number of flutes in order to 
provide enough lands to hold the tubing in shape. 
For general gunshop work, however, three or five 
flutes work best in hand taps up to and including 
those made for receivers for larger sizes of a special 
nature, and for which I would advocate more. 
Naturally, the class of work and the material used 
in the individual shop will determine this. 

Steel used for making laps should he of the 
highest grade, as recommended by steel manu¬ 
facturers for this purpose. To insure removal of 
the decarbonized surface of the metal, stuck should 
be selected of a diameter not less than Y l0 inch 
larger than the diameter of the tap. When cutting 
some steels used for taps it is necessary to give 
them a “board anneal/’ This process consists of 
heating the blank to a low red, holding it in a dark 
place until the color leaves the steel and then plac¬ 
ing it between two thin boards. After it burns 
itself into the wood a short distance it is plunged 
into a bath of soapy water. Oil may be used, but 
soapy water is preferred because the finished 
threads are not so inclined to tear when the thread¬ 
ing tool is finishing the last cuts. The making of 
taps is a higher grade of work than ordinary thread¬ 
cutting and special care will be required for it. 
Good lard oil should be used and the finishing cuts 
should be just scraping cuts. 

The most commonly used form of flute is that 
which is cut with a convex milling cutter for milling 
half circles. The advantage of such a flute is that 
it has a greater chip clearance and a strength which 
leaves the lands strong. After cutting the flutes, 
the lands should he backed-off to give the tap cut¬ 
ting edges and a leed, which is usually done with 
a file. Commence at the heel of the land, file the 
top of the land and gradually approach the cutting 
edge, making sure that no stock is removed at that 
portion. Simply bring it to a sharp edge. The 
size and number of threads per inch should be 
stamped on the shank of the tap before the harden¬ 
ing operation. 

Taps can be stoned for the leed as well as 
backing-off the teeth similar to the way a reamer 
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is stoned. By using this method there is no danger 
of removing too much metal as with a file, par¬ 
ticularly in the hands of an inexperienced person. 

Hardening — It is advisable to coat the teeth 
of a tap with boneblack and heat them gradually 
in a tube away from the direct action of the flame, 
or in a lead bath. They should be plunged into 
a cooling bath a little above the threads and worked 
up and down and around in the bath to prevent 
soft spots. For taps less than Vi inch in diameter, 
an acid bath will be found very satisfactory, and 
for larger taps, strong brine is advisable. 

The flutes of taps should be ground with an 
emery wheel of the proper shape in order lo 
brighten the surface so that the color will be readily 
seen when drawing the temper. Grinding also 
sharpens the cutting edges and breaks the burrs 
that have been thrown between the teeth when 
cutting the flutes. The temper should be drawn to 
a full straw color. Much more satisfactory results 
may be obtained by heating the taps in an oil bath 
and drawing the temper to a point from 475 to 510 
degrees Fahrenheit, according to the size of the tap 
and the nature of the material. The shanks of all 
small taps should be drawn to a blue up to the 
thread portions. 

Threading Dies — The tool maker is often 
called upon to make round or square threading dies 
for special screw's in gun work. The round button 
die is mostly employed on such work and the gen¬ 
eral principles of constructing a threading die of the 
button type arc very much the same as of other 
dies in this class. The blank is first turned and 
drilled in a lathe to the double depth of the in¬ 
tended thread, and because of the small size of 
most of these dies, taps must be used to thread the 
holes; but when they are of a sufficient size they 
should be first chased out with an inside threading 
tool and then a tap used to give the thread the 
finish and also the proper size. Whenever possible, 
use an inside threading tool lo first cut the threads, 
and good lard oil as a lubricant. The finishing cuts 
should be very light and the threading tool for this 
purpose should be in the best possible condition. 
When a lap of the right size is available, it would 
be well to take the finishing cut with this tap; but 
as the pitch of taps is sometimes slightly altered 
in the hardening process, the thread must not be 
cut too near the finished size of the thread tool; in 
that way fewer tool marks will be seen after the 
hole has been tapped. Before taking the die out 
of the chuck the hole should be chamfered back a 
distance equal to about one-fourth the thickness of 
the die. The larger diameter of the chamfer should 


be slightly greater than the diameter of the screw. 
It is understood that the object of chamfering the 
die is to facilitate starting the thread on the screw. 

After cutting the thread the next operation is to 
drill the clearance holes. For small dies three holes 
are usually employed, and these are laid out so that 
the least bearing is given lo the threads; at the 
same time strength should be taken inlu considera¬ 
tion. First, a small hole is drilled and enlarged 
with a counterbore which may be done in a drill 
press. After finishing ibis work, the die is ready 
to he filed. For general purposes, the back of the 
cutting edge is given clearance by filing up to the 
cutting edge. Great care is required in this work 
to keep the file from cutting the extreme points of 
the teeth at the advanced edge. The filing should 
be started at the heel and barely brought up to 
the edge without touching it. At times it is well 
to file or “back-off” the heel beyond the cham¬ 
fered part; that is, through the full length or 
thickness of the die; then it is hardened and 
tempered. * 

While round dies for cutting screws may be made 
solid for roughing out a thread that is to be finished 
by another die, the finished die should be made 
adjustable. When making adjustable dies, the 
usual instructions given for solid dies may be fol¬ 
lowed, except that some provision must be made 
for adjustment. This is done by splitting it at one 
side; the hole for a small adjusting screw', however, 
should first be drilled and tapped. To prevent the 
die from springing out of shape in hardening, it is 
advisable to cut the slot from the center of the die, 
holding a thin margin of metal. After the die is 
hardened this may he ground out with a bevel 
emery wheel. Often this bevel is used for the ad¬ 
justment with a screw in the die holder. 

Counterbores — These tools are used for en¬ 
larging a hole without changing its relative position. 
For an emergency job and for a small number of 
holes it is advisable to make as cheap a form as is 
consistent with the work to be done. Probably the 
cheapest counterbore that will do satisfactory work 
is the one with two lips. This can be forged so as 
to require but little machine w'ork. After forging, 
it is turned to size, and the necking between the 
pilot and body should be cut with a tool having the 
corners slightly rounded to decrease the liability of 
cracking when the counterbore is hardened. The 
flat sides of the body may be finish-filed; the edges 
should be draw-filed and more stock removed on 
the back than on the cutting edges for clearance. 
The pilot and body should be hard the entire length 
or they will wear and become rough so that they 
cannot cut a smooth hole. Draw' the temper to a 
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full straw color. Unless intended for accurate 
work, the tool need not be ground. 

Permanent counterbores are usually made with 
four cutting edges as seen in tool catalogs. Coun¬ 
terbores for screw holes are usually made in sets 
of three: one for the head of the screw with pilot 
of body size, one for the head with pilot of tap- 
drill size, and one to enlarge a tap-drill hole to 
body size. 

The following instructions apply to counterbores 
with either straight or taper shanks. When turn¬ 
ing to size, take stock somewhat larger than the 
finished size of the counterbore. Turn a roughing 
chip or cut all over the blank, and turn the neck 
portion between the shank and body to size and 
stamp the size of counterbore and pilot. Turn 
shank, body, and pilot 0.015 inch over finish sizes 
to allow for grinding. In the case of a tapered- 
shank countcrborc, the tenon should be milled. 

After the lathe work is finished the countcrborc 
is ready to have the flutes milled to form the cut¬ 
ting edges. One method is to cut them with a 
right-hand spiral of from 10 to 15 degrees; the 
other is to cut the flutes straight. The former has 
the effect of running the chips back from the cut¬ 
ting edges and works very well on all classes of steel 
used in gun work, while the latter method is con¬ 
sidered more satisfactory for brass and cast-iron, 
altho it also works well in steel. The cutting edges 
are given clearance by filing. It the counterbore is 
to be used for brass it is necessary to give clear¬ 
ance to the lands also. 

When centering counterbores or any tools whose 
centers are not to be used after the tool is finished, 
the combination center drill should be small and the 
countersinking no larger than deemed necessary for 
good results in machining. Figure 21 shows a com- 



Fig. 24 

Drill and countersink combined 


bination drill and countersink. If large centers 
should, by accident, be set in the ends, the one on 
the end to be hardened should be filled with fire 
clay moistened with water to the consistency of 
dough, or with graphite mixed with oil; this pre¬ 
vents steam from forming in the hole and cracking 
the tool when dipped in the bath. If the piece is 
to be heated in a lead bath, the filling should be 
dried thoroughly before immersion. 

A very satisfactory way to mill a counteiborc 
having a spiral is with a vertical attachment on 
the milling machine. This method also may be 
used for reamers and taps. Having geared the 


index head up to the required spiral, and with the 
blank between centers, the vertical head is set on 
a 15-degrcc angle to the left of the right-hand cut 
by using a Vi-inch or %-inch spiral end mill with 
a perfect sharp edge and set about 0.010 inch ahead 
of center.. You will be very surprized to see what 
a perfect radius a sharp end mill will make at the 
bottom of the flute. The radius desired is controlled 
by the angle the head is set over; 15 degrees is 
the standard for nearly all radii in the bottom of 
the flutes and desired angle of the cutting edge. 
Smaller radii may be obtained by bringing the 
head in closer to the perpendicular. This can be 
judged best by the tool maker when cutting the 
tools. 

Many times it is necessary to produce a hole of 
a given taper extending in a piece of work, as in 
the case of an experimental “cone" in a shotgun 
where the taper must be in perfect alinement with 
the bore. At other times it is necessary to produce 
an impression of a special form which must be true 
with a drilled hole. In either case, a counterbore 
may l>e made whose pilot is the size of the hole and 
whose body has the form of the desired impression. 
Since the cutting edges of such counterborcs can¬ 
not be ground, before hardening they must be 
backcd-off with a fine file and stoned after harden¬ 
ing. Special attention should be paid the hardening 
to prevent springing. Proper hardening is accom¬ 
plished hv heating in a muffle furnace or in a lead 
bath, the tool being turned frequently to prevent 
uneven heating when the furnace is employed. 
The counterbore is quenched in lukewarm water 
and the temper is drawn to a full straw color at 466 
degrees Fahrenheit. Better results follow when 
these forming tools are pack-hardened and then 
quenched in raw linseed or cotton-seed oil. There 
are many kinds of counlerbores made, but for gun 
work the ones described will be found the best. 

Fishtail Cutter — These cutters are used very 
extensively in gun work, particularly for elongating 
slots. When such necessary tools are made, much 
more accurate and satisfactory methods of produc¬ 
ing a slot are found with the milling machine. They 
consist of cutting the slot with a fishtail cutter. 
Figure 25 illustrates one which every tool maker 
should be familiar with. When using such a cutter 
for milling a rilling head cutter or wedge box, the 
cutter head is held on the centers of the dividing 
head, and is fed into the blank. The table is moved 
to produce a slot of the correct length, the opera¬ 
tion being repeated back and forth with light cuts 
until the slot is of the correct depth. 

When using this form of cutter, take light cuts 
and fine feeds, and run the cutter at a high speed 



THE MODERN GUNSMITH 



T- SLOT 



HOLLOW MILL 


Fig. 25 

Special milling-machine cutlers, and hollow mill 


in the vertical head, keeping il Hooded with oil. 
Before starting, make sure that the cutter is well 
sharpened and that it has enough clearance at the 
edges to prevent any deviation from a straight line. 
When all conditions are right, this cutter will pro¬ 
duce a straight true slot in a fraction of the time 
consumed with a standard end mill. Whenever it 
is necessary to have the ends of the slots square on 
certain work produced with these cutters, the holes 
must be filed or broached to shape after cutting. 

Angle Cutters — Angle cutters are used (see 
Figure 25) to cut out sight slots, dovetailed bases, 
etc. They are made with straight shanks to fit 
either in collets or in special holders. Since most 
angle cutters that arc used in the manufacturing of 
firearms are small in size, a bench miller is em¬ 
ployed to cut the blanks. In order to insure teeth 
strong enough on these small cutters to resist the 
strain of the full cut, an angular mill should be 
made which will give the required shape. After 
the teeth around the circumference of the angle 
have been cut, the end teeth may be filed, par¬ 
ticularly on the small cutters up to % inch diam¬ 
eter. For cutters over this size, the end teeth are 
cut on the milling machine more satisfactorily. 
When the teeth on the end of the cutter are being 
cut, the dividing head is turned until the cutter is 
in a horizontal position. The angular cutter 
usually used for the end teeth is 80 degrees. 

T-slot Cutters — In cutting small slots in various 
parts of an action a cutter of this form is employed 
as shown in Figure 25. This type of cutter is used 
more than any other in special firearm work, as 
there are various widths and diameters required. 
Some of the T-slot cutters have teeth cut on both 
faces, particularly when a T-slot is required in a 


certain section or part, but since these cutters are 
only used for cutting on the circumference, teeth 
then are only necessary on the diameter; therefore, 
the sides are given a slight angle inward for clear¬ 
ance so that the cutter will not bend in the slot. 
It is advisable to harden the cutters which have 
just been described the entire length of their shanks, 
especially if they are of a small diameter; otherwise 
they will be very likely to spring and break while 
in use. After hardening, the neck should be drawn 
to a straw color up to the cutting section. 

If very accurate results are desired, the shanks 
of these cutters are ground, but for the usual run 
of work they can be turned and milled, the clear¬ 
ance filed on the teeth, and stoned after the harden¬ 
ing and tempering operation. End mills can be 
secured from the manufacturer at a reasonable 
price, as Figure 26 shows. Many times, however, 



Fig. 26 

Two- and four-fluted end mills 


special mills must be made; I will assume that the 
tool maker is familiar with them, for they are com¬ 
monly used for special jobs and to get into places 
impossible with standard end mills. Wood cutters 
also come under this head and are used in various 
machine operations for grooving and turning special 
forms. 
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Hollow Mills — These mills are mostly used on 
screw machines for roughing down and finishing, 
and also for screw cutting. They are also used in 
a drill press for finishing a projection which may 
be in some given position on a part of an action. 
In the latter instance the}' are usually guided by a 
bushing in a fixture to bring the projection into 
the correct location. For roughing-down work on 
a screw machine, solid mills having strong stubbed 
teeth are preferred because of their solid construc¬ 
tion. For finishing they are made adjustable in 
order to secure the exact sizes, and for small hollow 
mills three cutting teeth are advisable. 

Figure 27 illustrates a hollow mill showing its 
rear end, bored somewhat larger than the cutting 
end which allows it to clear on long cuts. The 
cutting end must be relieved or it will bind on 



Fig. 27 

Hollow mill with clomp 


small work, and probably twist it off in the mill. 
There are several methods of relieving hollow mills; 
the most common is to ream the hole with a taper 
pin reamer from the back; another is to file back 
the cutting edges. Having thus prepared the 
mill, the teeth are ready to be cut. If four cutting 
edges are to be given, an end mill may be used of 
a diameter about double the diameter of the mill, 
the blank being held in the dividing-head chuck. 
For a strong tooth the dividing head should be set 
at a slight angle, or when considerable stock is re¬ 
quired for a strong tooth, it should be set on such 
an angle that the cutter can be fed through the 
blank. If a deeper tooth is desired, the dividing 
head is set in a vertical position and the milling 
cutter fed in until the desired form and depth of 
tooth is obtained. Adjustable hollow mills may he 
made by following the instructions given for plain 
hollow mills except that the mill must be split to 
allow for alteration in size. 

There are two methods of adjusting the mill; in 
one the outside of the cutting end of the mill is 
tapered and a collar having a corresponding tapered 
hole is forced on the mill. The collar closes it and 
causes it to make a smaller cut. The other 


method is to turn the outside of the hollow mill 
straight and close it by means of a clamp collar. 
Adjustable hollow mills are usually employed for 
finishing cuts and do not remove very much metal; 
therefore, the teeth may be made finer than those 
of solid mills used for roughing purposes. If the 
teeth are nearer together, they will finish a cylindri¬ 
cal piece of work more accurately than if the teeth 
were cut farther apart. It is customary to give 
adjustable hollow mills which are to be used for 
finishing from six to eight cutting teeth. The cut¬ 
ting edges should be radial for most work. Better 
results will be obtained if the hole in the cutting 
end of the mill is left 0.005 of an inch small and 
ground to size after the mill is hardened. The 
hollow mill, whether it is solid or adjustable, should 
l>e hardened a trifle farther back than the length 
of the teeth and drawn to a straw color. The mill 
is sharpened by grinding the end of the teeth. 

Forming Tools — Forming tools are principally 
used when several pieces are to be made of exactly 
the same shape. They are particularly valuable 
when making special bullets, special forming cutters 
and similar tools, and in duplicating a given shape 
on work produced in the screw machine. Forming 
tools are made flat and circular in shape. When 
used in the lathe for forming such tools as formed 
milling-machine cutters they are usually made flat; 
for backing-off formed milling-machine cutters they 
are always made flat, but for screw machines in 
duplicating a given shape they are made flat and 
circular. 

The flat forming tool is often made as a solid 
tool but to save steel a special holder should be 
made with one or two hold-down screw's. When 
only one tool is made, the former will be found to 
be inexpensive, but for making many tools it will 
be much cheaper to adopt the latter. On certain 
classes of work it is advisable to use a forming tool 
on a spring holder; because of its design it may 
spring slightly when used on heavy cuts, thus re¬ 
ducing the tendency to chatter. It is necessary to 
make these holders of tool steel, giving them a 
spring temper at the point of the goose neck, which 
allows the forming blade to spring away from the 
work when under heavy strains. 

So that a forming tool will cut readily it is neces¬ 
sary to give the cutting surface a sufficient amount 
of clearance. For tools to be used for forming 
milling-machine cutters or similar tools, a clearance 
of from 10 to 15 degrees will be sufficient; that is, 
the angle should be from 80 to 75 degrees, but if 
the tool is to be used for backing-off the teeth of 
formed milling-machine cutters, it is then necessary 
to give a clearance of from 18 to 22 degrees. 
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Before starting to make an odd-shaped forming 
tool, accurately ground gauges should be made from 
% 2 -inch Brown & Sharpe ground gauge stock. In 
one large manufacturing plant where I was working 
in the gauge department, when a forming tool was 
designed, the gauge department first made the male 
and female gauge before the form tool department 
was allowed to begin its work. When the work 
was produced from the tools it came out perfect, 
saving the time usually spent by guessing methods 
used in so many shops. 

Formed Cutters — The term formed cutter ap¬ 
plies to cutters with teeth so relieved that they can 
be sharpened by grinding the face of the cutting 
edge without changing the form. The term may be 
applied, therefore, to any cutter which cuts a form, 
regardless of the manner in which the teeth may 
be relieved. Formed cutters are used in many 
shops where work of irregular shape is milled in 
large quantities as in gun and automobile shops. 
If many formed mills are to be relieved it is ad¬ 
visable to procure or make a machine especially de¬ 
signed for relieving, or as the term is applied, 
“backing-off” the teeth. The backing-off lathe at¬ 
tachment can be purchased with nearly all standard 
lathes, of which the Hendey is one of the best. 1 
have had quite a bit of experience with this type of 
backing-off attachment and have produced very 
good results even on large worm hobs. 

There are several ways in which an ordinary 
lathe can be used to back-off a small forming cutter. 
One is by placing a stud on a lathe face plate or 
driving plate. The stud is placed in such a position 
that the cutter will clear the outside edge. The 
cutter, which must he a fit on the stud, is clamped 
by means of a nut. A stationary block is so located 
oil the driving plate as to bring the tooth to be 
backed-off into its proper location and to keep it 
from turning during the operation. The forming 
tool is fed in gradually until the tooth is formed. 
The finger in the stationary block is then disen¬ 
gaged from the flute in the cutter which is held in 
position by means of a set screw. The finger is 
formed to the exact shape of the space milled for 
clearance or flute. Each tooth is milled separately; 
therefore, the forming tool is fed in the required 
distance for each tooth when in position and the 
process repeated until each tooth has been backed- 
off. When backing-off cutters in this device it is 
necessary to cut the notches or spaces between the 
teeth somewhat wider than the ordinary milling 
cutter. 

When backing-off the teeth for clearance by any 
of the means described, it is first necessary to form 
the blank, gash it or cut the notches, and then 


back-off the teeth. After hacking-off, it is neces¬ 
sary to mill the face of each tooth back bich 
or more to cut away the “jump," as it is termed, 
caused by the forming tool drawing in a trifle when 
it first strikes the edge of the tooth. Cutters of 
this description are sharpened by grinding the face 
of the teeth. 


Fly Cutters — The simplest form of milling- 
machine cutter is known as a fly cutter. It has 
only one cutting edge but is particularly valuable 
when making one or two pieces of a kind in experi¬ 
mental work or for a part of a firearm which can¬ 
not be machined in any other manner. Since these 
cutters have but one cutting edge, they produce 
work very accurately as to shape, but they must be 
fed very slowly, and only small cuts can be taken. 
These cutters do not last as long as those having 
more teeth; however, they are used on all special 
work because nf the small cost of making them. 
It is necessary to hold such cutters in a fly-cutter 
arbor, which can be made or procured from all the 
large tool-supply houses. v 

The culler which is used in a fly-cutter arbor 
may be filed to a gauge or templet, giving the 
necessary amount of clearance so that the back 
edge or “heel” will not drag. If it is desirable to 
make the impression on the shaper or milling ma¬ 
chine it is well to do so to remove a considerable 
amount of the rough form. The piece of steel 
from which the cutter is made can be held in the 
milling-machine tool maker’s vise and the shape 
and clearance cut with a milling cutter. The 
desired amount of clearance may be set 6y tilting 
the vise at an angle of a few degrees. 

Arbors — The ordinary taper arbor known as a 
mandrel is one of the common tools in all shops 
and is used to turn work pressed upon its cylin¬ 
drical surface, shown in Figure 28. Mandrels are 



Fig. 28 

Lathe mandrel 


made of tool steel hardened all over and ground to 
size. Most arbors can be procured from any of the 
large tool-supply houses in the standard sizes, and 
it does not pay to make them except for a special ( 
size or form. 

When making mandrels of tool steel that are to 
be hardened the entire length, it is not necessary 
to use the best quality of steel; a lower grade will 
do if it hardens well. Select stock somewhat 
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larger than the finished diameter. Take a cut off 
the outside sufficiently heavy to remove all scale, 
and leave %4 inch or more lor a finish cut on sizes up 
to i/ 2 inch and correspondingly more for larger sizes. 
The mandrel should be normalized perfectly in 
the annealing box. The ends should have a deeper 
center than in tools where the centers are not used 
after they are finished. So that the centers will 
not be mutilated when driven in or out of the 
work, they should be slightly counterbored or re¬ 
cessed and the edges of the angle rounded with a 
scraper. This operation is known as “cupping 
the centers.” 

Barrel plugs are a form of mandrel, and the 
instructions given in Chapter IX may be followed 
when making shoulder barrel plugs where a center 
is used to have the dead center run on. Before 
hardening an arbor, the centers should be re¬ 
countersunk to true them; for this operation, it is 
best to use a special combination center drill with 
an angle of 59 degrees instead of the standard 
60-degree tool, as the former facilitates the lap¬ 
ping of the centers to a 60-degree angle after 
hardening. A round fine India oilstone is used 
for the purpose of lapping the angle. The manner 
in which the angle is turned on such a stone is in 
the lathe with a fine small sharp diamond. Other 
laps may also be employed, such as copper or cast- 
iron charged with diamond dust or emery. After 
the lapping operation the centers should be cleaned 
thoroughly with gasoline. 

Examine very carefully the condition of the 
centers on the grinder, tor the trucncss of the arbor 
depends in a great measure on their condition. A 
mandrel may be ground in a lathe with a Dumorc 
grinder or any universal grinder. Better results 
can be obtained, however, with some form of 
grinder having water connections, the liquid con¬ 
tinually playing on the work to prevent heating, 
as heat is very likely to spring the piece, especially 
if it does not run true, and make the grinding 
heavier on one side than on the other. When a 
dry grinder is used, do not force the work fast 
enough to heat it. The mandrel should be ground 
to within about 0.003 inch of size with a coarse wheel 
free from glaze and then finished with a fine wheel. 

The amount of taper varies on most arbors, and 
those procured from the manufacturers have a 
0.001-inch taper per inch of length. I have found 
that the best results are obtained when they are 
made with a 0.0005 inch and less taper per inch for 
the reason that nearly all gun work consists of 
small parts except the tools made for their pro¬ 
duction. 

Drill Jigs — A drill jig is a device for holding 


work so that one or more holes can be accurately 
drilled; the location of the holes may be governed 
by hardened bushings through which the drill is 
run and centered. The design of a jig depends 
entirely on the shape of the piece and the nature 
of the work to be done, but it should be so that 
parts may be placed in them and taken out as 
quickly as possible. The fastening or holding- 
down device should allow rapid manipulation, yet 
be capable of holding the work without danger of 
changing the part in location. The construction of 
a drill jig calls for great accuracy, tho no undue 
effort should be indulged in. If the location of a 
hole in a piece of work is near enough when within 
a limit of plus or minus V 32 inch it is a waste of time 
to attempt to get it within a gauge limit of 0.0003 
inch. Still, if the work is of such a character that it 
is necessary for holes to be within a limit of 0.0005 
inch plus or minus or even closer, every effort should 
be made to locate the drill bushings as accurately as 
possible. 

There is such a large amount of special work to 
be done on firearms that it is often advantageous 
to make a temporary jig to secure the accurate 
results desired. Such designs demand the ingenu¬ 
ity of the tool maker to construct them at a rea¬ 
sonable cost, for they may only serve one purpose 
and then be discarded. 

Laying Out Work — The expression “laying 
out” as used in the gun shop refers to those geo¬ 
metrical operations in which the shapes and di¬ 
mensions of parts are indicated by lines made with 
various laying-out or marking instruments already 
described in the first part of the chapter. In some 
complicated details requiring shaping, milling, 
boring, drilling, etc., a preliminary “layout” is nec¬ 
essary to determine whether the work will “true 
up” and also to make the machine operations more 
simple. After the principal base lines of the de¬ 
sign have been established, the work is machined 
to these lines and then the centers for boring, 
drilling, etc., are constructed in their proper rela¬ 
tions to the base surface. 

Having planed, shaped, milled or turned a piece 
of work, completing what are usually termed the 
roughing operations, we coat the “layout” side 
with a mixture of coppering solution or with any 
other suitable prej>aration that will enable us to 
see the lines more distinctly. By using the instru¬ 
ments described, lines are established which may 
be indicated with the center punch. The center 
being ascertained, dividers are often used and suc¬ 
cessively set to various dimensions, and short arcs 
are inscribed, intersecting lines. With dividers set 
to the correct radii, circles equal in diameter to the 
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required holes should next be drawn from the in¬ 
dented center. The circles may also be indented 
with center-punch marks, various distances apart. 
In a great number of cases, center-punch marks are 
scarcety necessary when the coppering solution is 
used. 

Circles of the same diameter as the drill will 
usually be obliterated by a drilling operation and 
it is a good plan to make additional larger circles 
by which the accuracy of the drilling may be 
tested when the operation is completed. 

To insure accuracy the prick-punch marks in the 
centers should be very light, and after the laying 
out is finished they should be slightly enlarged 
with the center punch and then drilled with a 
small combination center drill in order to guide 
the drill point properly. The first drill is ground 
to the angle of the center drill in order to follow 
the true center. After a depth of about % inch 
is reached a standard ground drill can finish the 
operation. 

A surface plate or laying-out plate, as it is often 
called, would be necessary in connection with the 
described .examples, and it would be proper to 
describe briefly the construction of such plates. 
For small and ordinary work a surface plate is a 



Fig. 29 

Suggested design lor surface plate 


very simple affair. Any cast-iron or machinery* 
steel plate of rigid construction will answer. It is 
well, also, to have the edges of the plate planed 
at right angles and the top accurately finished. 

So much laying-out work is done in connection 
with the making of firearms that I would like to 
see some tool manufacturer introduce some such 
circular form of surface plate as Figure 29 illus¬ 
trates, made to revolve upon ball bearings and 
with four sides squared. The principal object of 
such a plate and its construction is to admit of 
turning any side of the work toward the light. A 
plate so designed would be a great improvement 
over the standard form of square or oblong surface 
plate commonly seen in tool rooms. 

Surface plates of this construction for very large 
work should be proportioned by a competent de¬ 
signer and supported upon a foundation of ma¬ 
sonry. Small plates could also be designed to fit 
the work bench, but a small bench or stand so 
placed at the tool maker’s side so that he may 
conveniently get around it is better. 

The slightest mark raised upon the surface plate 
with a hammer will interfere with the accurate 
use of a height gauge or any other tool; therefore, 
straightening strips of metal on the plate and other 
such abuses should be strongly condemned; in fact, 
no tool maker of refinement will allow such a 
practise. 

The Precision Bench Lathe — I can not resist 
giving a brief description of the merits of bench- 
lathe practise in gun work and the tools constructed 
for their production. Tt is a pleasure to walk into 
a well organized tool room and see these lathes. 
The modern bench lathe finds wide application in 
the construction of small parts requiring a con¬ 
siderable degree of accuracy as well as in fine tool 
work where its facility of operation and its accu¬ 
racy make it one of the most ideal tools. Bench 
lathes have been developed in these last few years 
to the same high standard of efficiency as the larger 
types of lathes, and the design of various attach¬ 
ments has broadened the field of these machines so 
that it is possible for them to handle a wide range 
of work. 

In addition to their adaptation to precision turn¬ 
ing and boring operations, bench lathes arc 
equipped for milling, external and internal grind¬ 
ing, thread cutting, filing, turret work, etc. Many 
of the attachments can be made to take care of 
any special parts made or manufactured in the 
tool or production departments. All the parts and 
attachments should be interchangeable as far as 
possible; (herefore, when several lathes are in a 
department, a given attachment can be used on 
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any machine that may require it. For this reason 
machines of one manufacture should be adhered to. 

Past experience in the use of a bench lathe has 
shown that the proper countershaft equipment 
adds greatly to its efficiency. It is well to fasten 
the countershaft to a pipe frame attached solidly 
to the bench, wall, or ceiling. The frame may be 
made of ordinary pipe threaded at the ends with 
collars that are bolted to the bench or other sup¬ 
ports. The countershaft should have adjustable 
brackets which will fit the pipe frame so that it 
can be adjusted to any desired point, making it 
possible to use an endless belt. Countershafts 
should be ordered with grinding attachment pulley, 
even tho it may not be used at the present time. 
These lathes are often changed over for other work 
and serve many purposes. In the production of 
fine gun work and for the finer work in the tool 
room, the bench lathe is invaluable. The ordinary 
lathe is too large and unwicldly, not excepting 
those lathes constructed on the same principle as 
an engine lathe made for the bench. 

Gauges — While any tool or instrument used 
for taking measurements may properly be called a 
gauge, this term, as used by the tool maker, is 
usually Linderstuod to mean that class of tool con¬ 
forming to fixed dimensions and used for testing 
sizes but not provided with graduated adjustable 
members for measuring various lengths or angles. 
Gauges are used in shops to make one part of a 
machine or implement, or a tool corresponding to 
some other part, so that when the whole is assem¬ 
bled, every part will go into its respective place 
with little or no fitting. The measuring instru¬ 
ments discussed in the first part of the chapter are 
indispensable, but in shops where work is made on 
the interchangeable plan—where a piece of work 
made today will exactly duplicate a similar piece 
at some future time—a very thorough system of 
inspection is necessary. In order that the inspec¬ 
tion may accomplish the desired result, gauges arc 
made that will show any variation from a given 
standard. There are various forms of gauges de¬ 
signed for various classes of work. With the mod¬ 
ern system of interchangeable manufacture, gun 
parts are made to a definite size within certain 
limits, varied according to the accuracy required, 
which in turn depends upon the nature ol the work. 
To insure having all parts of a given size or class 
within the prescribed limit so they can readily be 
assembled without extra and unnecessary fitting, 
what are known as “limit gauges” are used. 

Gauges are usually made from machinery steel, as 
hardened steel has a tendency to change its shape 
and size for a considerable time after the harden¬ 


ing has taken place. This change is small, so 
small indeed that it may never be considered ex¬ 
cept in the case of gauges where great accuracy 
is required; yet it has led some of the most promi¬ 
nent gauge manufacturers to use pack-hardened 
machinery steel. 

When making gauges the tool maker should ob¬ 
serve the points emphasized with regard to fine 
precise measurements in the first part of the chap¬ 
ter and also in other chapters dealing with fine 
measurements upon similar work. When tool steel 
is used in the construction of gauges, the tendency 
to change shape may be overcome by referring to 
Chapter IX, which describes the seasoning of 
gauges. 

It is always necessary to stamp the name of the 
part to be gauged and the size of the different 
parts of the gauge. The tool maker should bear 
in mind that the effects of driving stamps, letters, 
or figures into a piece of steel will be to stretch it; 
therefore, it is advisable to stamp the gauge before 
finishing any of the gauging portion to size, even 
if there is an allowance for grinding. 

'lb make any plug gauge, which is one of the 
simple forms of gauges, stock should be selected 
large enough to turn off the decarbonized surface 
after roughing out the blank. The handles are 
turned to size and knurled and the under-cut 
turned out between the gauging portion and the 
handle. The blank is reversed on centers and the 
gauging diameter is turned, allowing from 0.012 
to 0.015 inch larger for grinding. A flat is usually 
milled on the knurled handle and the size of 
the gauge or any other distinguishing marks 
which may be stamped thereon. It is also a cus¬ 
tom to stamp the under-cut or recess between the 
cylindrical portion of the gauge and handle, but 
the stamping on the milled surface of the handle 
shows greater refinement. 

Plug gauges should be heated very carefully for 
hardening; the lower the heat, the more compact 
will be the grain, and a piece of steel having grain 
that is fine and compact will wear much better 
than one having a coarse grain. If the gauge is one 
requiring extreme accuracy, it may be left from 
0.002 to 0.003 inch above size and seasoned. If 
not, the gauge may be ground to a size 0.0003 inch 
larger than the finished size, after which it must 
be lapped to size. When grinding a gauge of this 
description it is advisable to use a grinding ma¬ 
chine having a supply of water running on the 
work to keep it cool in the same manner as the 
grinding of arbors. If this form of grinder is not 
available, the gauge should not be heated any more 
than necessary. It should be measured while cool, 
as steel always expands from the heat, and if 
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ground to size when heated it will be too small 
after cooling. 

If possible, a form of grinder having two dead 
centers should be employed. A lathe is often used 
in the grinding operation, running the work be¬ 
tween a dead and live center, loathes that have 
been in use for some time are very likely to have 
become worn so that accurate work is impossible; 
this is especially true of the spindle which will 
duplicate its own inaccuracy on the gauge. When 
necessary to grind a gauge on a machine of this 
description it is advisable to leave a trifle more stock 
for the lapping operation. 

Lapping — Lapping is a form of grinding ap¬ 
plied to work requiring a higher degree of refine¬ 
ment than is possible by the ordinary process of 
a plain or universal grinder. Figures 42 and 43, 
Chapter IV, Volume I, illustrate lapping arbors 
and lap holders, and describe the methods used for 
such operations. The laps described are the best 
and cheapest for internal and external lapping. 
Cast-iron and copper make good laps; hut copper 
has the preference for roughing, and cast-iron for 
finishing. The lap is split, as shown, and the length 
should he somewhat greater than the length of the 
work to be operated on. 

These lapping arbors are made to the taper-pin 
standards and ground to the same taper. A hard¬ 
ening swedging plug should be made for each arbor 
for the purpose of driving the laps on the arbor to 
keep them expanded to the work. If, in the oper¬ 
ation of lapping, the hole becomes “bell mouthed” 
—that is, enlarged at the ends it is usually caused 
by the introduction of emery from time to time 
as the hole is lapped. To obviate this the lap 
should be cleaned of all loose emery and the lap 
kept well expanded by driving it in farther. The 
hole is usually dry-lapped with a cast-iron lap by 
using the finest optical emery that will stick or be 
charged into the lap. This process must be 
repeated occasionally until the proper size is ob¬ 


tained. If the tool maker is careful to see that 
the proper emery is obtained and the lap kept 
expanded to fit the work at all times, the result 
will be a straight hole. There are quite a few 
variations in the practise of lapping, and the best 
methods often depend upon existing conditions. 
The material used for holding the abrasive is one 
of the most important factors when the work is 
soft, and it is very important that this material 
should be softer than the work; therefore, in the 
case of shotgun barrels, where every bore is finished 
by lapping, lead has been adopted as the best 
metal to use. 

Bench-lathe Knurling Tool — A tool of this 
description is essential for knurling small pins, 
screw heads, adjusting screws, etc. Figure 30 illus¬ 
trates the tool as it is constructed. The height of 
the bottom center and the height of the shank will 
be best suited to the particular bench lathe em¬ 
ployed; therefore the height must come in the 
exact center; also for the knurl holder. No. 2 
holder is pinned in position with a dowel pin solid 
against the square upright section of the shank. 
The second knurl holder is made with a free sliding 
fit so that it will he adjustable. No. 1 is the 
screw-adjusting holder. Two holes are provided in 
the shank, making two positions possible; one for 
small work and the outside hole for larger pieces. 
The pin which holds this piece in position is reamed 
out with a taper-pin reamer and a hardened taper 
pin is fitted. 

The knurls are made in any form. The straight 
knurls are made fine, coarse, or medium. For best 
results they should be cut on a milling machine, 
using a 90-dcgrcc angle cutting one cut right- 
handed and the other left-handed. All parts should 
be hardened for longer life of the tool. 

Boring-tool Holder — Figure 31 illustrates a 
lathe boring-tool holder with which every tool 
maker is familiar; it is one of the first tools made 



Fig. 30 

Bench-lathe knurling tool. Very handy for knurling heads of screws, etc. 
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factory. Still, the information this chapter con¬ 
tains will be a means of opening new fields for the 
earnest beginner. The experienced tool maker will 
not require such knowledge; but he is not the man 
I have primarily in mind. I am thinking rather 
of the young man fresh from a technical school or 
the young amateur seeking better knowledge of 


Fig. 31 

Boring tool holder. Used on lalhe to hold internal boring tools 


by the apprentice. The best kind is essential for 
the gunshop. 

Sine Bar—Figure 32 illustrates a sine bar. 
These tools must be very accurately made; they 
are instruments of close precision, and as all accu¬ 
rate angles are laid and checked from them, great 
care must be used in the making. The distance 
of 5 inches must be within plus or minus 0.0001 
of an inch. To secure this close measurement the 
body of the bar must be well seasoned, and the 
holes ground and lapped. The two plugs are made 
in even figures; thus the diameters are .6000, 
.8000, or 1.000 inch, or any figure that two can 
be divided into and result in an even figure. Such 
a tool is used frequently in the gun shop. 

After beginning this chapter I realized that a 
book was necessary to describe some of the acuta] 
work accomplished in the modern gun shop, par¬ 
ticularly in the arsenal or any other large arms 


tools and their construction; for there is no greater 
field for knowledge of the tool maker's art than 
in the construction of firearms and ammunition. 
V r ery few' manufacturing plants offer that knowl¬ 
edge today, for modern methods demand a profit 
from all labor, and the result is that time limits 
are placed on all tools produced. The average 
workman today has become a fixed machine, and 
in time all our fine workmen will be driven away 
to seek other occupations. 

I do not wish to seem discouraging, but since I 
have gone through the mill, so to speak, I would 
not advise any young man to seek long experience 
in an industrial plant. Let him prepare himself 
in one of the finer technical schools, and, upon 
receiving his degree, remove the white collar and 
step out into these plants for a short period. Let 
him not stay at one, but make it his business to 
work in many, and at the end of that time lie can 
judge for himself the path he wishes to follow. 
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D IES are now used extensively and have made 
possible wonderful results in rapid production 
of parts, as well as in the production of sheet-metal 
work. Take for an example our modern cartridge 
case and bullet; 90 per cent of the operations per¬ 
formed on these are produced with dies. Consider 
our modern motor car; it would be safe to estimate 
that over 50 per cent of the production methods 
employed are by dies. The rifle and shotgun in¬ 
volve the development of dies for butt plates, 
pistol-grip caps, sights, sight covers, swivel bows, 
etc. Air rifles for hoys are mostly made from dies, 
which shows what can he done to cheapen machine 
operations on certain types of metal merchandise. 
It is rather difficult to classify and give the proper 
definition of the many designs and types of dies 
used on power presses for the production of sheet- 
metal work, to which this chapter will be mostly 
devoted. Cartridge and bullet dies will follow 
later, for such a subject must be treated from a 
different angle. 

Die making is in the same general class as tool 
making, and it is well for any one to gain experi¬ 
ence in it, since it comes in very handy on various 
phases of rifle and shotgun work. One of the ad¬ 
vantages gained in die making is that it teaches one 
the use of a file; it requires a considerable amount 
of patience and perseverance, particularly when 
two weeks are spent filing out a complicated form 
in a blanking die. Die making is fascinating work, 
even tho it usually taxes the ingenuity of the 
mechanic when it comes to forming metal in dies. 
The modern diemaker does not figure out any of 
his dies as he did a few years ago; today, complete 
drawings come from the engineering department. 
Some jobs may require as many as eight or more 
operations; consequently a mechanic may only get 
one of these dies to make, the rest being divided 
among others in the tool room. 

A die used for punching a blank from sheet 
inetal is termed a blanking die and is usually con¬ 
sidered as belonging to one of four classes: plain, 
progressive, gang, or compound. As will be seen, 
however, the main classes of dies are based on the 
use of the die, and while there are, of course, some 
general classes into which all dies may be divided, 
the various types overlap in so many cases that one 


is often in doubt as to the proper classification. 

All dies may. in the first place, be divided into 
two general classes: cutting dies and forming dies. 
Cutting dies are often termed blanking dies, includ¬ 
ing all designs which simply cut or punch flat 
blanks or pieces of the required outlines from the 
sheet metal fed into a punch press. On the other 
hand, forming dies include all those which change 
the shape of the material from its original flat con¬ 
dition. This second division, however, often in¬ 
cludes features which are common to the first; that 
is, some dies are a combination of blanking and 
forming dies, the blank to be shaped or formed 
being first cut out or blanked to the required out¬ 
line from the material and then formed to the de¬ 
sired shape. Study the fenders or body on your 
car as an example of such work, tho it is, of course, 
accomplished a little differently from the manner 
just described. 

Tilt culling or blanking dies first mentioned 
may be further subdivided according to the con¬ 
struction of the various types of dies in that class; 
thus we distinguish between the aforementioned 
four distinct dies. The second main division— 
that of forming dies—cannot be subdivided in that 
manner. Owing to the great variety of work per¬ 
formed in forming dies, the designs vary greatly for 
a proper classification on the basis of constructional 
features. They may, however, be divided into sub¬ 
classes arranged according to their general use; 
thus, there are dies for bending, embossing, form¬ 
ing, drawing, and curling. 

Blanking Dies — Plain blanking dies arc the 
simplest of all types and are used to cut out plain 
flat pieces of metal not having punched holes. 
(The term usually applied to punched holes is 
“perforation/') This type of die consists of a die 
block nr female die which has an opening that, con¬ 
forms to the shape of the part to be cut or blanked 
out. A male die or “punch/' which accurately fits 
the die block, by a shearing action does the cutting 
as it descends into the die-block opening, a stripper 
plate being provided which strips the material from 
the punch as it is withdrawn on the up-stroke of 
the press. The opening in the stripper plate con¬ 
forms to the shape of the punch and is in most 
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cases slightly larger to provide a little clearance. 
Between the stripper plate and die block there is a 
guide (the back of the stripper taking that func¬ 
tion in most cases) which serves to keep the stock 
in alinement with the die opening as it is fed along. 
In the case of strip stock, a channel is cut in the 
center of the stripper and the stock is fed through 
this channel. The space between the die and strip¬ 
per will be somewhat greater than the thickness of 
the material used; in fact, this space should be 
sufficient to allow the stock to move along easily 
even tho the surface or edges are cut irregularly 
by the shears or by the punch on each operation 
or hit of the press. In a simple die of this kind, 
the spacing of the punched hole is commonly con¬ 
trolled by some form of stop pin which engages each 
successive opening; for instance, after a blank is 
cut out, the operator feeds the stock along until 
the opening made comes against the stop, thus lo¬ 
cating the material for cutting out the following 
blank. 

Progressive Dies — This form of die is known 
by the name of follow die, and is used for work 
which must be cut from stock to the required shape 
and at the same time be provided with holes or 
perforations. The principle of the progressive die 
is that while one part of the die punches holes in 
the stock, another part, following behind, blanks 
out the work at a place where, at a former stroke, 
a previous hole or opening has been punched. Two 
separate operations have been jwrformed at the 
same time, the operation being a progressive one 
in which the holes are first pierced after which the 
material moves along until the pierced section is 
in line with the blanking punch. 

Forming Dies — Forming dies are those in 
which a blank is shaped by simply being pushed 
into a cavity of the desired form in the die. Form¬ 
ing dies are made first to the desired shape, then 
placed in the press and templets are cut out until 
the correct form is obtained. Many trials may be 
found necessary, but as one is cut and filed, it is 
laid upon the stock and after the correct form 
is made it is held as the master templet to make 
the blanking die. Drawing dies are also used for the 
formation of cup-shaped parts or articles, but 
the drawing process differs from forming in that the 
stock is usually confined between two surfaces so 
that when drawing radially inward from between 
them, no wrinkles can form. To define the differ¬ 
ence between the two types of dies in another man¬ 
ner: forming dies shape the metal by compressing 
and bending; whereas drawing dies so act upon a 
flat blank or a previously drawn cup that the shape 


is changed by drawing the metal as the punch 
moves relative to the die. 

Making of Dies — When making a die there are 
several points to take into consideration. The first 
is the die height; that is, the press clearance and 
stroke which will accommodate the height of a 
finished die when assembled. This measurement is 
taken when the pitman is screwed up to its highest 
point and the press turned over until the throw of 
the crank is at its lowest point. The measurement 
between the bolster plate and ram is the die height 
or the maximum distance between the bottom of 
the die shoe and top of the punch holder when the 
punch is just entering the opening in the die. Sec¬ 
ond is the type of die holder; it may be necessary 
to use a die set, made with guide pins, since the 
pins keep the punch and die in perfect alinement, 
thus imparting longer life to them. Otherwise, you 
must rely upon the tightness of the ram riding in 
the ways and the perfect clamping of the die shoe 
to the bolster plate. The least shifting of any 
member means a sheared die and punch. 

After selecting the proper die holder, the die 
block is shaped to equal width and thickness. A 
good method is to shape the sides; both top and 
bottom surfaces of the blank length are usually left 
as the cut-off saw leaves them, except when fitted 
into a depression in the shoe. The upper surface 
is smoothed in a shaper or it may be placed in a 
surface grinder and ground. It is necessary to have 
this surface smooth in order to lay out the correct 
shape of the hole, either from a templet or with 
instruments as described in Chapter III. A roughly 
machined surface would allow neither distinct nor 
correct lines. The die must be laid out so that the 
stock may be readily fed to it. If the grain of the 
stock is a matter of importance, as in making a 
tempered spring similar to those seen on some au¬ 
tomatic shotguns, the diemaker must take care to 
see that the grain runs in the proper direction. 

The face, or the upper surface of the die, is 
covered with the coppering solution or placed upon 
a hot plate and the color of the steel allowed to run 
to a very dark blue. The outlines of the piece to 
be punched are then laid out, and after the die has 
been carefully laid out from the templet or draw¬ 
ing, all round corners should be drilled with a drill 
of the proper size and then reamed from the back 
side of the die w r ith a taper reamer to give the 
desired clearance. A tapered pin reamer is usually 
employed and the balance of the material removed 
by drilling. 

The method of removing the center or core de¬ 
pends on the custom practised by the individual 
die maker: some may drill the holes so that they 
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break into each other; if so, the best drill to use 
is a “straight-fluted” drill. Some drill small holes 
and use a counterbore to enlarge to size so that the 
holes will break into each other, while others use a 
small standard twist drill and allow a small web 
between each hole and the next, the intervening 
stock being cut out with a flat-ended hand broach 
usually made from a power hack-saw blade with 
the temper drawn to a blue. The last-mentioned 
method is the safest and most reliable. 

After the center has been removed the die may 
be placed in a shaper or a die-slotting machine, and 
by the use of specially-ground tools the desired 
angle of clearance can be given. The amount of 
clearance or draft varies with the nature of the 
work to be done. When a die is shaped out on a 
shaper, two parallels are made with a one-degree 
offset, and when placed between the jaws of the 
vise with the die in the center, the proper clearance 
is shaped out of the back side of the die. One 
degree is too great a clearance for some classes of 
dies; therefore, the parallels should be made with 
different angles according to the nature of the work 
to be made and the life of the die. 

After working the impression as near to shape as 
possible in the machines by shaping or slotting, it 
is finished by filing. In order to give the die the 
proper clearance the inside surface should be 
gauged with a diemaker’s square set to the proper 
angle. The clearance differs in various die shops 
and also on different classes of work, so no stated 
amount can be given. For the general class of 
work it varies from one-fourth to two degrees; the 
latter is excessive and is seldom given unless it is 
necessary that the piece punched shall drop from 
the die each time. From one-half to one degree is 
usually the standard clearance on all classes of 
work; therefore, for rifle parts, one degree is a 
standard which may be used on butt plates, pistol- 
grip caps, sights, etc. 

Die Filing — In shops where much die work is 
done a die filing machine is employed for many of 
the operations of working the form in the die to 
shape; also for gauges, templets, lapping dies, and 
various other parts. One of the small filing attach¬ 
ments comes as standard equipment with a bench 
lathe. Since the tables of all modern filing ma¬ 
chines can be set at any angle, dies can be filed or 
lapped at the proper angle to give the desired clear¬ 
ance. A saw may be used in place of the file when 
an overhanging arm is used as a guiding medium, 
and the core of the die sawed out. This is one of 
the most satisfactory methods of cutting the core 
from any small die having an irregularly shaped 
opening whose outlines are such that the ordinary 


method either does not prove satisfactory or is ex¬ 
tremely costly. For large work an ordinary hack¬ 
saw blade may be used, holes being drilled at the 
corners of the openings. For small work and where 
irregular shapes are to be produced a narrow blade 
whose teeih have considerable set is advisable. 

For roughing out a die opening, a coarse file 
should be used, the file being clamped at either end 
and the work held against it by hand pressure while 
one or two hold-down fingers are held over the top, 
allowing enough freedom of the die to be moved 
at will. When taking finishing cuts with small fine 
files, the file is usually held in the lower clamp, and 
as the file clears on the return stroke undue wear 
is avoided. The surfaces produced by filing ma¬ 
chines arc flat and especially adapted to dies having 
but a small clearance angle where any rounding of 
the surfaces would not be allowable. 

Shear — Die blocks have their cutting edges 
beveled as in perforating punches, so that the blank 
or slugs may be cut from the stock by a shearing 
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Fig. 33 

Illustrating shear on die and punches. Required wher 

heavy stock is used 

cut. Shear is given the face of the die to reduce 
the power necessary to cut the blank from stock. 
(See Figure 33.) The amount of shear given any 
die is gauged by the stock used; therefore, when 
a die is to blank out 16-gauge stock, the height of 
the center is the thickness of stock to each end of 
the die. There are exceptions to this rule when 
cutting this bevel. 
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The face of a die is sheared when the blank or 
piece forced through is the product to be saved, but 
whenever the piece surrounding the blank is to be 
saved and the outside material is of no use, the face 
of the punch is given shear and the face of the die 
is left perfectly flat. The cutting face of the 
die is usually given shear when very much is to be 
removed by a shaping operation; when only a small 
amount is required, it is usually done in the surface 
grinder by first grinding one side and then the 
other with a piece of metal used under one end to 
raise it the required amount to secure the proper 
shear. 

Sectional Dies — So that dies may be more 
easily worked to shape, they are often made in two 
or more sections which are fastened together by 
dowels and screws and held in such a manner that 
they can not spread. A recess milled in the die 
shoe at a depth sufficient to hold them is employed 
as well as the dowel pins. 

Dies of this form should have the surfaces that 
go together finished true; the pieces should then be 
clamped together and the dowel-pin holes and screw 
holes drilled and reamed. If the die blank is to be 
held by fillister-head screws, the die shoe is drilled 
and tapped or vice versa. The screw is inserted 
and the top is laid out to the outlines and punched. 
After the die is hardened and screwed in position, 
the dowel-pin holes are drilled and reamed in the 
die shoe; otherwise, the little change in the harden¬ 
ing of the section may cause them to be thrown 
out of line. 

After the proper lines are scribed on the surface 
of the die, it is taken apart and the opening cut out 
on the shaper or milling machine. The section of 
the die is held at the proper angle to give the cor¬ 
rect amount of clearance. After the two or more 
pieces have been put together, the opening to the 
templet may be finished with a file. 

When the die is finished to the templet and the 
correct clearance given, make sure that the walls of 
the opening are straight—“not crowning. 7 ’ It is 
not always considered advisable to carry the clear¬ 
ance to the edge, as the size of the opening w-ould 
increase every time the die were ground. In such 
cases the clearance extends from the bottom to 
within about */y inch of the cutting surface. The 
walls of the upper part of the opening are at right 
angles to the base of the die, but they must be 
straight, because, if the opening is wide enough to 
allow the punch to pass through the crowned part, 
the material, if thin, is likely to leave the blank 
with ragged edges, whicn would extend up on the 
sides of the punch and have a tendency to crack 
the die. 


Punches — The punch is made to force the 
metal through the die, producing pieces of the de¬ 
sired shape. It is customary to make and harden 
the die using a templet or a drawing to secure the 
desired shape, after which the punch is fitted to it. 
The templet may be used in laying out the punch 
for a plain die if the shape of the opening in the 
die is the same on each side and the die does not 
change shape in the hardening. Either side of the 
templet may be next to the face of the punch, but 
if the outline is of an odd form it will be necessary 
to exercise care to see that the proper side is used 
because the side of the templet placed against the 
face of the punch when laying it out will be op¬ 
posite to the one placed against the face of the die; 
therefore, it is always best to mark the templet “up 
on die” on one side and “up on punch” on the op¬ 
posite side, then no confusion takes place when 
laying out either one. 

To obviate this trouble many die makers lay out 
the face of the punch from the opening in the die 
before the shear or beveling takes place. In order 
to hold the punch and die together, so there will be 
no danger of the punch slipping while the shape is 
transferred, the die and punch are clamped to¬ 
gether. 

The machining of a punch blank varies according 
to the size of the punch. Sume have shanks turned 
on the end, while others are fitted with fillister- 
head screws and dowels to the face of the punch 
holder. The method may depend upon the size 
and shape of the punch, and on whether it is to be 
used singly or in combination with other punches. 
If so, a separate cold-drawn piece of steel is used 
to set these in. The service for which the punch 
is intended is another point that should be con¬ 
sidered; that is, whether the die is for producing 
comparatively few parts or is intended for con¬ 
tinuous service. When punching heavy material 
the punch must be firmly secured against a vertical 
thrust in either an upward or downward direction, 
because when the punch ascends and is stripped 
from the stock, it is subject to a heavy downward 
pull. If the die is intended for a small amount of 
work, as in a gun shop, a cheap and quick method 
of making both the punch and die would be ad¬ 
visable. After deciding the method of clamping the 
punch to the punch holder the machining operation 
follows. The end which is to fit in the opening in 
Ihe die should be finished with a smooth flat surface 
and colored with the coppering solution. After 
coloring it may be clamped to the face of the die 
with a clamp, and the outlines of the die marked 
on the face by scribing through the die opening. 
This outline should be accurately marked with a 
sharp-pointed scriber and prick-punched very 
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lightly, as the scribed lines are likely to become 
obliterated by the various operations of machining 
the punch to shape. 

After the outlines have been carefully prick- 
punched, the punch is ready to be milled or 
machined in a shaper to the correct outline, leaving 
enough stock at all points to shear into the die. 
When the punch is milled to shape, the irregular 
surfaces may be produced by fly cutters, of which 
a description is given in Chapter III. If it is 
shaped to form, it is usually held between the vise 
jaws or between a pair of centers, and before the 
final finishing cuts on the lines it is filed on a bevel 
exactly to the lay-out lines, so that the shaper tool 
will not obliterate the lines or break off the metal 
in ragged edges, and will at the same time allow 
enough for the shearing operation. 

At this stage of the operation the term “shearing 
in” is used. The punch should be machined very 
close to the lines and then placed over the hardened 
die and forced into it about Vs 2 inch, which gives 
a true impression of die openings. After the punch 
has been sheared in for a short distance it may be 
removed and worked to size by means of a file to 
the obviation marks, as that portion sheared in is 
termed. The operation of shearing in may be re¬ 
peated until the punch enters the entire length. 

The amount of clearance between a punch and 
die for blanking and perforating, or the difference 
between the size of the punch and the die opening, 
is governed largely by the thickness of material to 
be used. If the stock to be punched is thin and 
soft it is necessary to make the punch a closer fit 
in the die than if the material is heavy or very 
hard. Fur thin stock such as tin and soft brass, 
the punch should be a close sliding fit to the die in 
order to avoid ragged edges nn the punched blank, 
but for heavier stock there should he some clear¬ 
ance, the amount depending upon the thickness of 
the material. The clearance between the punch 
and die when working heavy material lessens the 
danger of breaking the punch and reduces the 
pressure required for the punching operation. To 
obtain the clearance between the punch and die it 
would be well to look up the tables in various 
technical hand-books. 

A loosely fitted punch will cut absolutely free 
from burrs up to a certain point, but if it is a little 
too loose or a little too tight, ragged edges will be 
left on the material as a result. A good general 
rule which I often use to determine the clearance 
is to allow a clearance between the punch and die 
equal to 5 per cent of the thickness of the stock to 
be cut. For example, suppose a punch and die are 
required for cutting out a blank for a butt plate 
0.0625 inch thick. The 5 per cent of the thickness 


of the stock equals 0.0625 X 0.05 = 0.0031 inch, 
which would be the difference between the punch 
and die. After the punch has been fitted to the die, 
the cutting edge should be faced off to insure a 
good working surface and a sharp edge. It is then 
ready for hardening. 

Hardening Dies and Punches — When handling 
work of such a character as the hardening of 
punches and dies it is impossible to adopt any set 
method not to be deviated from. No class of work 
calls for greater exercise of skill and common sense 
than the correct hardening of dies and punches to 
secure the proper efficiency from them. The secret 
of success in hardening dies by the ordinary 
methods consists in getting as nearly as possible a 
uniform heat. To accomplish this, the die or punch 
should not be heated too rapidly, as the edges and 
lighter portions will heat faster than the balance of 
the piece. Unequal contraction, when quenching 
in the hath, follows uneven heating; and unequal 
contraction causes the die or punch to crack. High 
heats cause cracks in steel; then again, high heats 
render it weak, and the result is that it cannot 
stand the strain incident to contraction of one por¬ 
tion of the steel when another portion is hard and 
consequently rigid and unyielding. Sleel is strong 
when hardened at the proper temperature, known 
as the “refining heat.” See Chapter VII for further 
information on hardening. 

Before hardening a die the stripper and other 
screw holes should be drilled and tapped, and also 
the holes for the gauge pins or stop. If any stamp¬ 
ing of the die is to be done it should take place at 
this stage. If there is no stamping to be done on 
the die regarding the number or operation, the 
name of the steel should be stamped so that if any 
alterations are made in the future, the method of 
hardening will be known. This applies to the 
punch also. After all screw holes, top-pin holes, 
etc., which are blind, are filled with fire clay or 
asbestos mixed with water to the consistency of 
dough, the die and punch are ready for hardening. 
Extreme care should be exercised in the heating; 
the heat must be no greater than absolutely neces¬ 
sary, and it should be uniform throughout—the 
corners of the die or punch must be no hotter than 
the middle of the pieces, and the outside surface 
must be of the same temperature as the interior of 
the steel. 

Most punches and dies are made from oil-harden¬ 
ing steel, very little of the high-carbon tool steel 
being used today for this purpose; if a high-carbon 
water-hardening tool steel is to be employed for 
draw-dies and punches, or even for blanking and 
forming dies used in double-acting presses, they 
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require an extreme hardness. For most work the 
tool steel used in making punches and dies should 
be of a good quality. A die or punch that has cost 
from fifty to one hundred dollars for labor is as 
likely to crack when hardened as tho the same steel 
had been made into any other form of tool; because 
of its shape and irregular thickness of stock at va¬ 
rious points, and because of the numerous sharp 
corners that are likely to he present, it is a tool 
that requires extreme care in handling when hard¬ 
ened. A good grade of tool steel, either oil¬ 
hardening or a high-carbon tool steel free from 
harmful impurities, is less liable to fracture than an 
inferior grade, and the slight difference in cost is 
offset many times by the cost of labor in the die 
or punch construction. This does not mean that 
a high-priced steel must be used for this class of 
work; simply a good quality of steel, low in the 
percentage of any of those impurities which cause 
trouble when the steel is hardened. When we 
speak of good reliable steel, we do not necessarily 
mean a high-priced steel. 

In the construction of some dies a saving may 
be effected by making the body of cold-drawn steel 
or even cast-iron and inserting bushings of tool 
steel; then if at any time the dies become worn 
they can be replaced simply by making new bush¬ 
ings, and if ordinary care is taken, the holes will be 
concentric and consequently the correct distance 
apart so that there will be no necessity of altering 
the location of the punches, as might be the case it 
a die made of a solid piece of steel were hardened. 

As for irregular-shaped punches that are to cut 
thin stock, make them of machine steel and case- 
harden them. Soft steel, case-hardened, does not 
change its shape or form as much as some tool steel 
not given proper normalizing and heat treatment, 
and even if the punch does change slightly the in¬ 
terior is soft and can be readily forced back into 
position. Since the outside is hard, the punch will 
wear nearly as long as one made from tool steel, 
for practically the only wear that occurs on a punch 
occurs when it is passing through the stock. For 
thin brass the punch works well when made of tool 
steel and left soft; when worn badly the punch can 
be peened on the face enough to upset it and then 
be sheared into the die. 

Many die makers overlook the importance of first 
roughing the die and punch nearly to size before 
normalizing them. Internal strains occur in the bar 
of steel during its manufacture which are sure to 
cause distortions of the die or punch unless these 
strains are removed before the work is brought to 
its finished size. Some steels may be free from 
strains, but there is no way of determining before¬ 
hand whether the steel has settled or not; therefore, 


to guard against distortion, the careful die maker 
will not take any chances, but will anneal the piece 
after it has been roughed out, to relieve these pos¬ 
sible internal strains. 

Tempering — A very common method of draw¬ 
ing the temper of dies and punches and similar 
pieces is to heat a piece of iron or an old die block 
to a red heat and place the hardened piece on it, 
leaving the face of the piece uppermost. Experi¬ 
ence has shown, however, that this method of treat¬ 
ment is too harsh for hardened steel, especially 
when the work is in the hands of one not thoroughly 
experienced, for it subjects one side of the work to 
an intense heat while the opposite side is exposed 
to the cooling effects of the air. When an open 
fire is used, a plate may be set on the fire and the 
die or punch placed on the plate before it is hot. 
The temperature of the plate may be raised grad¬ 
ually, the die being turned occasionally. In such 
a manner, the temper is drawn to the desired degree 
with safety. If such a fire is not available, two 
plates may be employed, one heating while the 
other is in use. The first one should not be very 
hot, the next somewhat hotter, and so on until the 
die or punch is drawn to the desired color. 

When a die to be hardened is of such a shape 
that it is likely to give trouble, much more satis¬ 
factory results will follow if the pack-hardening 
process Ls used as described in Chapter VIF. Run 
the dies in the fire from one to three hours, and 
after the specified time, dip them in raw linseed 
oil, back and forth, to force the oil through the 
openings. Dies with openings having perfect circles 
may be left a trifle small. After hardening, they 
are ground to size either on a lathe or an internal 
grinder. 

Forming Dies — Notwithstanding the fact that 
forming dies are extensively used, there has been a 
lack of definite information pertaining to the fun¬ 
damental principles and rules governing the draw¬ 
ing and forming of sheet metal. This is doubtless 
due to the fact that the exact method of designing 
and constructing a forming die depends to such a 
large extent upon the nature of the drawing opera¬ 
tions. It is doubtful if any branch of die making 
requires more experience than that which has to do 
with the drawing and forming of sheet metal. The 
following outline of information on this subject is 
very incomplete; still, the practical problems that 
are frequently encountered in actual practise are 
covered; and in any case the reader, when taking 
up such work, should consult men who have had 
actual experience, for it will be difficult to find the 
necessary information in books. 
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When a forming or drawing die is to be made 
for producing a cup, skill must be exercised by the 
operator to determine what form or type of die will 
give the best results, what diameter of blank would 
be required to produce a part of the required form 
and depth, and whether one or more operations are 
necessary. 

Clip Hand Guard — The subjects given here 
are parts that nearly all riflemen are more or less 
familiar with, and you can understand what an 
important part die construction is to even the fire¬ 
arm industry, even tho we do not see some of the 
parts or are not aware that dies were used to con¬ 
struct these pieces. The form of the finished part 
and the developed blank arc described, but to show 
the design of dies used would be folly, for no one 
would be able to produce such parts for a profit. 
They could only be used for an experimental sub¬ 
ject in a technical school teaching die construction. 

Figure 34 illustrates a hand-guard clip as used 
on a Springfield service arm together with the 
developed blank. This part only requires two dies, 





Sprlnglield hand-guard dip. Two of these dips are used 
to hold the hand guard in place 

the blanking die and the forming die. The design 
of the forming die for this part is of a type in which 
the blanks are placed over a form at the bottom 
and the punch takes the opposite form. Dies for 
this class of work are designed for forming such 
parts in different ways. Since there are 12 degrees 
on the ears of the clip, these must be formed over 
a greater angle on the punch in order to take care 
of the spring of the metal. The inside punch must 
be floating and controlled by the action of springs, 
while the outside punch forms in the ears to the 


correct angle. When the stock to be formed is 
elastic, such as spring steel, the part is bent slightly 
beyond the required angle to compensate for the 
backward spring when the pressure is released. To 
determine this allowance is, of course, a matter of 
experience; at times it is controlled by the pressure 
exerted by the adjustment of the press. The center 
of the blank has a ^ 6 -inch hole punched in the 
center; it is placed in this position for locating 
while forming. A small pilot punch must be placed 
in the center of the upper punch to hold the clip in 
position while it is being formed. 

While it is possible to make this piece in one 
operation, two would be advisable to simplify the 
construction of the die. In this case it is possible 
to make the clip in the same die block, changing 
the piece from one operation to the other, which 
action also simplifies the stripping of the piece from 
the punch. The ears would be formed first in the 
right-hand side of the die, and the radius would be 
formed in the left-hand side; therefore it would be 
more simple in form and less expensive to make. It 
is also necessary to provide guides and stops to 
locate the clip properly. If the stock used in mak¬ 
ing the pieces is a high-grade spring steel it must 
be hardened and tempered. It will be found neces¬ 
sary to relieve parts with a radius where the bends 
occur, to prevent crushing or disarranging the grain 



Fig. 35 

Springfield front-sight guard or cover 
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of the steel to such an extent that it would cause it 
to break when in use. 

Sight Cover — Every one who has ever had any 
experience in handling a Springfield rifle will recog¬ 
nize the cover shown in Figure 35. The develop¬ 
ment of the forming dies lor this piece alone 
requires considerable time, and the operation usu¬ 
ally taxes the ingenuity of some of the best die 


turning operation and forming the .375-inch diam¬ 
eter. A very complicated die could be made for 
this turnover together with bending over the ears 
in one hit of the press; in fact, the two operations 
could be combined in one die by forming the piece 
first on one side and finishing it on the other. 

Removable Front Sight — Figure 3fi illustrates 
a movable front sight to go over the Springfield 



to b« placed in position 


makers. A blanking die is made just reverse; the 
punch is on the bottom shoe and the die is on the 
top, with a knock-out to eject the blank. A strip¬ 
per pad surrounds the punch, with either springs, 
rubber or air used to strip the scrap from the 
punch. Disappearing pins are placed in the strip¬ 
per plate to guide and place the material in position 
over the punch. It is such an odd-shaped blank 
that it is best to make the die in sections, and the 
section where that close delicate end comes should 
be made small so that if it ever breaks there will be 
very little work in making a replacement. 

The following operation is done in three opera¬ 
tions. The first forms the ears where the bend is 
shown in the illustration, also forming the radius 
on both ends, the flat and part of the top radius. 
These forms are made on a pressure pad working 
inside of guide blocks or a boxed-in die, but in this 
instance it is only necessary to place two hardened 
blocks in position to bend over the ears at right 
angles, and the guiding section can be located on 
the ends and sides. For a complete die it would be 
best to make the complete form in sections where 
the pressure pad rides, and at the same time guide 
the punch in its proper position. The punch is 
made to the proper radius to form the part for the 


movable stud. Many men have expressed a desire 
for a front sight that could be removed at will, or 
for one that could be carried in their pockets and 
used in case of an accident to the standard sight. 
A neat and artistic stud could be attached to the 
barrel, and the sight attached at will. This would 
be valuable when a telescope is used and a small 
folding leaf sight with an aperture in it over the 
bridge of the receiver as an auxiliary sight. The 
cost of stamping out such a piece would be no 
greater than five cents; therefore a half-dozen could 
be carried in your equipment for emergency pur¬ 
poses. 

The developed blank is not quite as complicated 
as the front sight cover; still there is considerable 
work necessary to produce the desired form of the 
removable front sight, as the illustration shows. 
The nature of the blanking and forming dies is very 
similar to that of the front sight cover. 

Setting Forming Dies — When setting up press 
forming operations the blank formed by the tools 
is used to locate the punch in the die before secur¬ 
ing the die to the press. When the tools are being 
tried out for the first time and no samples have 
been made, they may be set with strips of stock 
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cut from the stock to be formed. Tf setting a die 
for a piece in which the bends are not parallel but 
off at an angle, the practical method is to locate it 
approximately with the blank and slightly tighten 
the screws in the press bed; then, with tin strips of 
metal the same size as the blank, gauge the exact 
distance, after which the die can be secured to the 
bolster. Do not assume that a die is certain to be 
satisfactory when the samples have been produced 
by bringing down the press by hand very slowly. 
There is sometimes variation in what the tools will 
do when operated by power and when operated by 
hand. 

Pressure Pads — Three separate means of con¬ 
trolling the pressure on the die pads are air, rubber, 
and springs. The first is the most satisfactory for 
securing the correct pressure on forming dies. The 
rubber pads used on various types of forming dies 
for supplying the necessary pressure to the die pad 
or blank holder should be of a circular form meas¬ 
uring between 5 and 6 inches in diameter. A hole 
should go through the rubber so that a long bolt 
may be fastened to the bottom of the die. A large 
steel washer should go next to the die, and then 
the cylindrical rubber pad; another washer and 
then a nut to tighten it against the die. Various 
pressures may be applied according to the amount 
the nut is tightened against the steel plates. Pins 
are located in given circles, which are usually made 
of drill rod and rest on top of the plate over the 
rubber pad. The length of the pins should be just 
so the top of the die pad comes flush with the top 
of the die, so that the punch will have action as 
soon as it comes in contact with it. Small sections 
of rubber are also built up under the die pad or 
blank holder. One advantage of the small sec¬ 
tional forms is that they will not settle and lose 
their resiliency like the larger piece of solid rubber, 
because the small sections are of better quality. 
The rise of section also makes it convenient to build 
up the pressure pad until the required size is ob¬ 
tained. The section can be utilized on different 
dies, but it is always best to have a piece of 1 inch 
thickness of flat rubber for all new dies. Rubber 
is also used for the top knockout pad where it is 
not possible to use the standard knock-out in the 
center of the ram. 

Cartridge Clips — Every one is familiar with 
the cartridge clip which is made to clip the Model 
1906 cartridges used in service for the Model 1903 
Springfield and Model 1917 rifles. A multiple 
plunger press is designed to perform the six opera¬ 
tions on the clip by means of a series of simultane¬ 
ous operations. A complete body is produced at 


every revolution of the press. These presses are 
constructed in various styles and sizes, the number 
of plungers ranging anywhere from three to eight. 

The spring which is put into the clip to lock 
and hold the cartridges in place is made from thin 
spring brass, which is shown in Figure 37. The 
forming of the spring and piercing of the locking 
ears are done in one operation, and when the clips 
and springs are finished they are assembled in a 
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Fig. 37 

Cartridge-clip blank development for the caliber .30 Model 
1906 cartridge, showing clip and apring 


special machine for this purpose. After they are 
assembled they go to a cartridge-clipping machine 
where five cartridges are clipped and the small ears 
at the end of the spring are turned over to hold the 
cartridges in place. 

Figure 37 illustrates the blank for the clip as 
the first operation makes it on the multiple press. 
The blanking plunger is set one-half revolution in 
advance of the other plungers, so that the blank, 
after it is cut, is carried by the transfer slide over 
the first forming die before the plunger descends. 
This is accomplished by changing the position of 
the cam controlling the operation of the blanking 
plunger on the upper cam shaft in relation to the 
other cams. The plungers are operated by hori¬ 
zontal lifters, one lifter lx*ing provided for each 
plunger. These lifters are connected to rods, and 
knee pieces which connect the rods to the plungers 
effect their operation. The usual form of wedge ad¬ 
justment is provided for increasing the pressure of 
the plungers, the adjustments being effected by 
means of wedges which lower or raise the bumpers 
as desired. 

The clip is brought under each forming die until 
the six operations are completed; then the clip falls 
out into the truck. To give complete details of all 
the dies used to produce the clip and spring would 
require too much space; such an operation should 
go into a separate book on die work. This die¬ 
forming operation, however, will convey to the 
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reader what is accomplished in the manufacture of 
parts to make up the needs in the use of a lirearm. 
The drawing of cartridge cases from sheet brass 
requires some very interesting tools and methods, 
as well as the bullets used with a cartridge case 
which will be described in future chapters. 

Presses and Feeds — Power presses for pro¬ 
ducing articles or parts made from sheet metal 
have become a highly specialized business. In ad¬ 
dition to the economy of more rapid production, the 
application of automatic feeds to power presses 
assists in protecting the hands of the operators. 
More men are made cripples in this work than in 
any other where machinery is used; therefore, 
whenever possible, power presses are equipped with 
devices for automatically feeding the strip flat 
stock or blanks to the dies. Cartridge cases involve 
highly specialized work, and automatic feeds are 
provided on all machines so that an operator never 
touches the case to feed it into the machine. The 
types generally employed for such machines are the 
single and double roll, grip, gravity, push dial, and 
reciprocating feeds. The operator only has to keep 
the machine constantly supplied with the metal 
from which the punchings are made. 

Butt Plates — The power press selected for the 
small shop where a number of operations are to be 
performed should be large enough to take care of 
any of the work shown here. Most of the parts 
used in the manufacture of rifles or shotguns are 
small; therefore a large press is not needed, but 
one with good die clearance should be chosen. As an 
instance, the butt plates shown in Figure 82, Volume 
I, are the largest stamping produced and the largest 
pieces made in the manufacture of firearm parts. 
The blanking die is made reverse, the punch being 
secured to the bottom shoe, while the die is fastened 
to the lop pad. Two punches are placed in the 
proper location for the screw holes and a knock-out 
is used to eject the blank from the die by a 
mechanical means as the press ascends. Since the 
punch is of the correct outline of the blank, two 
holes are drilled and taper-reamed from the bottom 
of the punch to pass out the punched slugs. There 
is usually a 4- or 6-inch round hole in the center 
of the bolster plate for the passing of stamped 
parts or various other purposes. If this is not pro¬ 
vided, parallels should be fastened on the bottom 
of the die shoe between the slug holes—large 
enough for the slugs to be removed at will. A 
scrap stripper encircles the punch to remove the 
scrap stock of the punch by means of rubber or 
springs. 

' After the blanks are stamped out a forming die 


is made to give the butt plate the exact contour 
both in width and length and at the same time to 
turn up the small pointed ear at the heel of the 
plate. This forming die is one of the most simple 
to construct, as the die is made to the exact out¬ 
lines of the plate and provided with a pressure pad. 
The punch is made for the inside form of the plate; 
consequently when pressure is provided with air or 
rubber, the plate is in position and when it strikes 
the bottom of the die shoe the exact form is pro¬ 
duced. The pressure compresses the air cylinder 
or rubber, and the pressure pad returns to its flush 
position to remove the formed plate; then another 
one is inserted. 

Pistol-grip Caps—Because of the similarity in 
operations, a pistol-grip cap is made the same, 
except that a grip cap will have ragged edges 
caused by the deep draw and form; therefore, a 
trimming operation must occur after ihe forming 
operation. There are two methods which may be 
used; one is to make a blanking die near to the 
required size; the second, which is practised exten¬ 
sively, is to shear square blanks from the desired 
thickness of material and form them, allowing only 
enough material on the sides to trim after the form 
is made. 

A trimming die is made similar to a blanking 
die, except that a pressure pad is made and the caps 
are trimmed upside down. The form in the pad 
is similar to the pressure-pad form used in the 
forming die. An outside stripper encircles the 
punch to remove the outside scrap, and since a 
rubber is used to control the pressure pad, the 
trimmed cap is returned to the surface to be re¬ 
moved by mechanical means or with a knock-out in 
the operator’s hands. 

Correcting Mistakes in Dies — Should the die 
maker, through misunderstanding or carelessness, 
make the opening in a die too large at any point, 
he should not attempt to peen the steel cold. I 
have often seen this done, and while it is possible 
to do so and then finish the surface in such a man¬ 
ner that it will scarcely be noticeable, the tool steel 
directly below where the peening took place will 
almost surely crack at some time during the life of 
the die. Should the mistake referred to occur, heat 
the die to a red heat, when the steel may be set in 
without any injury whatever. When setting in, a 
regular peening punch is used. If there is any ob¬ 
jection to disfiguring the top surface of the die, this 
method cannot be used. It is never good practise 
to bend, set in, or otherwise alter the form of the 
steel when cold if it is to be hardened, as such at¬ 
tempts nearly always end unsatisfactorily. 
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When a die becomes so worn that the openings 
are too large or the top surface near the edge of 
the walls of the opening are worn so that the die 
is “bell-mouthed.” it may be heated to a red heat, 
set in with a large-sized peening punch or a punch 
of the desired shape; after this it should be an¬ 
nealed, which necessitates reheating. After anneal¬ 
ing it is reworked to size. This reworking, when 
care and judgment are used, gives excellent results; 
it also effects a considerable saving, as otherwise it 
would be necessary to make a new die, while the 
die may be reworked at a fraction of the expense 
of a new one. 

Punch Troubles — Small piercing punches which 
have annular marks left on them from turning or 
polishing are much more liable to fracture than 
those having marks which run parallel with the 
punch, especially when perforating heavy stock. 
This is due to the fact that the metal presses into 
the minute lines left by the turning tools on the 
lathe, thus increasing considerably the force re¬ 
quired for stripping. As is generally known, most 
punches when used on heavy metal are broken 
while in the act of stripping the stock and not 
when piercing it; consequently, the stripping should 
be made as easy as possible. The stripping may be 
facilitated by turning the punch slightly tapered 
toward the top, but this is not practised on small 
punches because the strength of the punch would 
be reduced too greatly. If a stripper plate is not 
parallel with a die, it will also cause broken 
punches. Even tho the error in alinement is small, 
the constant bending action that the punches must 
undergo every time the stock is stripped tends to 
shorten their life. 

The making of small piercing punches requires 
attention to the most minute details in order to 
secure satisfactory results. It sometimes happens 
that the blanking punch or certain piercing punches 
are of such a shape that they tend to incline to one 
side and cause shearing when passing through the 
metal, thus injuring the edge of both punch and 
die. This is caused by the shearing thrust not 
being equal on all sides. For example, the shearing 
strain from two long sides sometimes crowds the 
punch over toward the shorter side. To prevent 
this the face of the punch should be ground to a 
slight angle so that it enters the shorter side first; 
then this side will be backed up by the die to take 
the thrust when cutting the remaining part of the 
blank. 

When a die has a number of punches or even 
three or four, some very small punches and even 
some large, it is often advisable to make the large 
ones % 2 inch longer, or long enough to pierce the 


material and just enter the die before the small 
ones touch the metal, especially when the stock is 
heavy. It is also advisable to drop the punches 
below the die surface or the thickness of the ma¬ 
terial so that the blank will be well supported be¬ 
fore the punches take effect. It is also necessary 
to place a slight shear on small punches, facing the 
long part of the blank. The small angle ground 
should be both ways, allowing the punch to be high 
in the center. On large punches the shear should 
be four ways. Figure 33 illustrates the two 
methods, together with a shear on a die. 

Stop Pina — The stop pin on a die is a device 
for controlling the pusition of the stock as it is fed 
through for each successive stroke of the press, so 
that the spacing of the openings cut in the material 
will be uniform and a certain distance apart. The 
design and adjustment of stop pins for blanking 
dies is an important point to be considered, for it 
affects both the quality and quantity of the output 
of a press. There are many different types of stop- 
pins, such as the plain fixed stop-pin, the bridge 
stop-pin. the simple latch, the spring-toe latch, the 
swing latch, the positive hecl-and-toe latch, etc. 
These devices, with the exception of the first, may 
be used with either hand feed or automatic roll 
feed. The ideal output of one blank for every 
stroke the press can make in a day is never realized 
with single dies; delays arise from many sources, 
and they have to be eliminated so far as they con¬ 
tribute to unnecessary expense. In addition to im¬ 
proper design and poor adjustment of stop-pins, 
other causes of poor output are: lack of skill, in¬ 
convenient arrangement of the new material, the 
blanks and the scrap, inefficient methods of oiling 
the stock, and poorly made or poorly designed dies. 
A skilful operator will usually arrange the material 
distribution very well, but the design and the ad¬ 
justment of the dies together with the stop-pins 
generally fall upon the die maker. 

The use of dies in the manufacture of rifle ac¬ 
cessories can often be turned into profit by the 
owner of a small shop. It gives a profit not only 
to him, but also to those who are seeking knowledge 
in the construction of tools to work sheet metal to 
the best advantage. Study most of the articles sold 
by a hardware store and count the number made 
by die work; also disassemble some of our cheaper 
arms, and you will be surprized to find how many 
parts are made by dies, making it possible for the 
manufacturer to place the product on the market 
at a price to suit the man or boy with only a limited 
sum to spend. 

Throughout this chapter suggestions hi 
offered to illustrate the possibilities in di 
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and to convey to the reader their part in the mak¬ 
ing of firearms. It may seem useless to many to 
study die construction and its details, but probably 
such information will create new ideas in the mind 
of the young mechanically inclined person. A gen¬ 


eral knowledge of die construction, broad enough 
to make one familiar with those features which 
have proved successful in firearm construction, may 
be acquired by studying as many different designs 
as possible. 
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P SYCHOLOGISTS tell us that the best way to 
get something we want is to concentrate on it. 
This doesn’t mean assuming the pose of The 
Thinker or waiting for a genie to drop the ideal 
gun into our lap; nor does it mean to isolate our¬ 
selves from friends and family, and pore over books 
and catalogs. And above all, do not say, “T can¬ 
not afford this gun because I or we are going to 
need this money next year"; instead, think and 
act positively. Spend for your hobbies now, and 
determine to make more money next year, for 
hobbies are just as important to our success in life 
as anything else. To hit a target you must see it; 
to arrive at any point, you must keep your eye 
on it, and make a course toward it in as straight 
a line as your eye follows to the black of a bull's- 
eye. 

A gun is made to be used and for the purpose 
intended. Exclusive reasons prevent me from giv¬ 
ing unfavorable or even favorable opinions con¬ 
cerning arms of various makes; moreover, arms 
are selected from personal choice, and not from 
the standpoint of deserving merit. Any one choos¬ 
ing a firearm must select it from the related equita¬ 
ble precedent. 

The difficulty of determining merits of the mod¬ 
ern rifle or shotgun which is offered to the buying 
public may be judged only after an analysis of 
the descriptive catalogs issued by the various arms 
companies. The inexperienced person who con¬ 
templates providing himself with a ritle or shotgun 
may well be excused if he find himself lacking 
sound knowledge in attempting a decision. If in 
his confusion he seeks the advice of others whom 


he believes familiar with the subject, it is alto¬ 
gether probable that they may add to his con¬ 
fusion; very few men have opportunity for mak¬ 
ing comparative tests of a variety of arms. He 
will in such case naturally decide upon a gun 
whose particular adoption is most strenuously 
urged. 

To begin with, the prospective buyer today 
will find a large choice of excellent arms, and keen 
competition is a guaranty that for the present a 
high standard will be achieved. Materials and 
workmanship may be depended on to maintain 
the public's confidence. Cheap arms only satisfy 
a certain demand, and the true gun lover will soon 
or late understand that “he only gets what he 
pays for." Perfection in all details can be obtained 
only in the best-quality arms, and it is for the 
individual to find it in a specially made-to-order 
weapon. It cannot be expected in a factory 
product. 

In attempting, however, to give some practical 
suggestions which may be a service, it may be best 
to confine myself to the explanation of various 
principles whose application may be the chief 
desiderata. 

If a gun is for target shooting with the greatest 
|H>ssible precision, nothing is so desirable as the 
.22 rifle for the beginner. There are so many good 
arms of both foreign and American make that it 
is best to study the various ones from observation 
at some of the large meets such as those held at 
Sea Girt, New Jersey, and Camp Perry, Ohio. All 
kinds of rifles and special barrels can be found in 
the hands of some of our experienced target shots. 



Fig. 38 

Model 52 Winchester caliber .22 rifle: original stock remodeled; barrel cut to 24 inches; muzzle reduced to 0.56 

inches. An ideal arm for the woods 
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When a rifle is to be constructed, the first con¬ 
sideration is weight and striking energy of ammu¬ 
nition, and this is a question as old as the develop¬ 
ment of high-velocity arms. A gun’s principal 
function is to strike a blow on an object, and, as 
a general rule, the heavier the striking energy 
of a bullet the more efficient will be the weapon. 
The sportsman in selecting an arm must choose 
between the labor of carrying it and the ef¬ 
ficiency of the arm itself when fired. He must 
consider the importance of relation between rifle, 
weight, and striking energy of the most popular 
bullet. 

A double rifle can be fired with two quick shots, 
either both barrels together, or one shot following 
the other with lightning speed so as to make the 
second shot almost as good as the first. The de¬ 
sign of such a rifle supersedes the magazine type, 
and in proportion to striking energy and weight 
has the energy of two bullets. The design prin¬ 
ciple of a double rifle has given way to the over- 
and-under development seen in our best shotguns. 
This was a fancy based on sound judgment. 

Before a description is attempted of the methods 
of calculating the pressure and velocity of a given 
combination of rifle and cartridges, let us carry 
ourselves afield and understand the relation be¬ 
tween location and other factors. Choice of an 
arm must always depend first on the type of ani¬ 
mal you expect to shoot, second the country you 
are going to hunt in, and lastly, on principles of 
experimental methods. 

Big game animals can be placed in two general 
classes: dangerous and non-dangerous. The dan¬ 
gerous game can be subdivided into two classes: 
thick-skinned and thin-skinned animals. All non- 
dangerous game is thin-skinned. As far as the big 
game shot is concerned, we have these classifica¬ 
tions of animals: dangerous thick-skinned, danger¬ 
ous thin-skinned and non-dangerous thin-skinned. 
1 am inclined, however, to place elephants in a class 
by themselves. 

The usual range of long shots—that is, long 
shots from the sporting point of view—will be, as 
a rule, anything from 50 to 300 yards: in rare 
cases it may he more. However, I always place 
300 yards as the normal limit at which sporting 
rifles should be sighted. The game usually found 
on a long-range shot is of the non-dangerous thin- 
skinned sort, and consequently great weight of 
metal is not of primary importance. In this form 
of shooting the chief difficulty is that of judging 
distances, and for this reason a flat trajectory is a 
desideratum in any suitable rifle. On this account 
your choice should fall either on the .30-03 or a 
magnum small bore, where the flatter the trajec¬ 


tory the better. A flat trajectory naturally de 
mands a very high muzzle velocity, and for this 
reason a rifle developing a muzzle velocity of over 
2900 feet per second should always be chosen. It 
is a mistake to sacrifice bullet weight wholly to 
velocity, as a very light bullet breaks up all too 
easily when it strikes a bone; 150 grains is the 
absolute minimum limit of safety. In saying this I 
am not forgetful of some of the latest cartridges, 
in which an 87-grain bullet is discharged with a 
tremendous velocity. A price must always be paid 
for velocity, however, and it is safer to decide in 
favor of a bullet of 150 grains or over, and a 
velocity from 2750 to 3200 feet per second. Such 
a combination will provide trajectory to bring the 
line of sight so close that the bullet is nowhere 
above or below it for more than to 3 inches 

up to a range of 200 yards, and even at 300 yards 
the drop will only be 7 inches. This trajectory is 
as flat as one would want, and it is provided by a 
weapon which is handy to use and very efficient 
against game. 

Contrary to general opinion, I am not a great 
believer in an extremely light rifle in the magnum 
class; but naturally this aspect of the matter must 
depend largely on individual physique. In coun¬ 
tries where one has to carry one s rifle oneself this 
point must be considered well, for an 8 J /2 to ^ 
pound rifle is found a detriment at the end of a 
day’s hunt. One should choose weight of arm as 
well as other factors, so the first essential in the 
rifle is that it should be well within one’s strength 
to carry all day and every day. Men vary in 
physique, and on this account it is impossible to 
lay down any rigid rule. It must, however, be 
remembered that a gun which seems light and easy 
to carry and handles well in the gun shop, may 
seem heavy and leaden when tried out after many 
hours of tramping in an open range country where 
the sun may be as hot as in a tropical climate. 
For this reason it is always better to “under-gun” 
than to <; over-gun” oneself, because the majority 
of men shoot better with a rifle well within their 
strength at the time when they want to use it. 

After weight the next question to be considered 
is stopping power. Game may be both heavy and 
dangerous, and on this account plenty of weight in 
the bullet is essential. Here I regard 220, or better 
still, 250 grains, as the lightest weight to be used, 
and the more the increase over 300 grains the 
hetter, from the point of killing power. 

Since shots are very seldom taken at over 200 
yards, a very high velocity is not necessary. In 
fact, it is so far from being unnecessary that it 
can be regarded as a mistake, because high veloci¬ 
ties are only obtained at the expense of bullet 
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Fig. 39 

Caliber .30 Model 1903 Springfie’d. remodeled. An ideal arm ler the North American Continent, designed tor 

Mr. William Palmer. Ir. 


weight. There has existed in rny niinrl for years 
the belief that the whole tendency in recent devel¬ 
opment of sporting arms is too strongly in the 
direction of velocity at the expense of bullet 
weight. In the United States, or even Africa, a 
velocity of 2100 feet per second to 2400 feet per 
second is high enough. 

Many men are using the wrong rifle or even the 
wrong ammunition, and have chosen thus from 
unreliable recommendation and alluring advertise¬ 
ments. The sportsman who would do real hunt¬ 
ing should accustom himself to one good gun. 
Study it thoroughly until you know just what can 
be done with it under different conditions. Since 
the government’s admirable development of the 
Model 1906 ammunition and the cartridge com¬ 
panies' development of suitable game bullets, we 
have some highly commendable cartridges. Some 
day some one is going to make a llanged cartridge 
case in the .30-06 class adaptable to the over-and- 
under principle of design, and light in weight, and 
then a perfect combination of cartridge and riile 
will be born, adequate for any game roaming the 
North American continent. 

The question of weight and balance wall arise in 
some minds. The weight of any riile consists 
mainly of the metal used in its construction. The 
composition of the metal used in barrels is made 
for the purpose of resisting the high pressure of 
the explosion. The powder in the cartridge is ex¬ 
panded in every direction except one—directly 
forward. The crushing expansion is divided be¬ 
tween the action and barrels. The mechanical 
design of any well-made receiver keeps the breech 
securely locked; that in the barrels not only con¬ 
fines the gases from the powder, but decreases in 
proportion to length of barrels until all energy is 
absorbed by the bullet. Such a force directs the 
course of the bullet. A very important considera¬ 
tion then is barrel construction in the direction of 


strengthening to such a degree that it will not 
cause undue inaccuracy under pressure. 

It is very surprizing to know how little metal 
is required in a barrel, except at a given distance 
from the chamber, to prevent undue expansion. A 
wall thickness of /,\ inch can be made at the 
muzzle and still hold its form. This is only in 
the nature of an experiment and not recommended 
in good barrel design. Fifty thousand pounds’ 
pressure per square inch or more may develop at 
the breech, but at the muzzle it reduces itself to 
less than 10,000 pounds per square inch. Since 
this is an established fact, we must turn to recoil. 
One object of weight in a largc-calibcr riile is to 
take up a portion of recoil, and as added weight 
absorbs this, it prevents undue body shocks under 
fire. In barrels of ordinary design in firearms the 
highly developed steel far surpasses the necessity 
to withhold the bursting effect of the developed 
charge, but because of the design adopted they 
are all made alike; those who purchase one must 
accept a standard product. 

The modern sportsman who chooses wisely and 
who goes on a hunting trip each year in Canada, 
the United States, or Mexico, will be interested in 
the following arms: 

A caliber .30 rifle using the Model 1900 cartridge for 
bear, elk, moose, mountain sheep, mountain goat, and 
caribou. Weight about 7 Ms pounds, barrel length between 
22 and 24 inches; 22 preferred. 

A 0.5 or 7 mm. rifle made on the Springfield or Mauser 
action, for deer. Barrel length between 21 and 23 inches. 
Can also be used for bear, mountain lion, etc. 

A Model 1903 Springfield sporting type of rifle equipped 
with aperture and telescope sights for target shooting. 

An M-l .22-caliber Springfield or Model-52 Winchester 
for the same purpose. 

A repeating .22-raliher rifle using the .22-caliber long 
rifle cartridge for squirrel and other small game. 

A single-shot rifle of high velocity, such as the .22 
W. C. F., known as the “Hornet,” or the .25-20 W. C. F. 
cartridge lor groundhog, crow, turkey, prairie dog. etc. 



74 


THE MODERN GUNSMITH 


A 20-jrauee shotgun for birds and small mammals; also 
a 12-gauge shotgun tor duck and geese. 

For revolvers, a .11 and ..is caliber special lor target 
work, both guns made on the same frame, preferably by 
the same maker. 

All these puns may be considered absolutely 
essential to the full enjoyment of the sportsman. 
Altho some may be made to do the work of others 


with more or less unsatisfactory results, the rifle¬ 
man can carry but one at a time; still he will often 
wish he had one of the other guns. Excellent 
shooting is usually the result of selecting one gun, 
utilizing it to its true efficiency, and not collecting 
a multitude of arms which prove worthless in the 
end. 

This can be true only to a limited degree and 
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Fig. 40 

Gun cabinet designed by Mi. Lee D. Elliott. Entirely constructed of oak. Note the two electric 

lights above the rifles and shotguns 
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requires an explanation. Should an experienced 
rifle shot or marksman take an arm to which he is 
unaccustomed, that is, before he learns the true 
relation of its line of sight at a given range, he 
can not expect to do any remarkable shooting. 
However, it is easy to aline sight settings by a 
little practise, and having done so, he may very 
soon decide the accuracy of the arm. Any expe¬ 
rienced rifle shot, by firing a few rounds from an 
elbow and muzzle rest, can satisfy himself and 
others as to whether an arm shoots true and uni¬ 
form groups. If the shots strike all over a hun¬ 
dred-yard target, it is evident that the rifle is 
inaccurate. I have often tested beautifully finished 


ume I. the reader has learned that it is a matter 
of securing a direct understanding of the correct 
‘'stance* in a testing trial of a gun and its stock. 

It is much better to have a stock too long than 
too short, or a comb too high rather than with too 
much drop. In either case alterations can be made 
which are not difficult. If the stock is entirely 
too long it can easily be reduced with the use of 
a hack-saw, and the old butt plate refitted. If the 
comb should be too high, any one can take a fine 
wood rasp and a mill file and reduce the height of 
the stock until the line of sight is directly parallel 
with and at the proper height above the sighting 
plane. Rut if the reverse condition should exist, a 



Fig. 41 

A Parker Brothers shotgun 


arms whose attractive appearance would persuade 
the inexperienced jierson to add them to his col¬ 
lection. After testing such weapons it was impos¬ 
sible to keep all the shots in a 12-inch circle at 
100 yards, and it is needless to add that such 
arms are only for collections. I have learned to 
be wary of very ornate arms having no makers 
name. 

Stocks — The question, “How do I know when 
my gun fits?” is as old as gun history. There are 
many men today who do not know the answer, and 
it is for their benefit that books like these are 
written. From having studied Chapter VIIf, Vol- 


rubber recoil pad can be fitted to lengthen the 
stock. To secure a higher comb, it must be built 
up, and this is not so easy. 

If in your aiming test you have noticed that the 
line of sight passes to lhe left of (he rear sight, or 
favors the left side of the sighting plain, the stock 
needs mure cast-off; or if the comb is full and well 
rounded it can be made much narrower with a file. 
This will be a necessity in most instances where 
the angle of one’s jaw is full and the cheek rather 
fleshy. 

I am of the opinion that a person whose face is 
of the average proportions, and full, needs no cheek 
piece; but one who is building stocks cannot al- 



Fig. 42 

Special 12-gauge Greener trap gun made on a heavy Martini action 
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ways dictate to a customer who admires a perfectly 
symmetrical shape and the ease of holding it. 
With a stock having too thin a comb or too much 
cast-off the rifleman loses that feeling of security 
and confidence that a full well-rounded comb gives. 
Contact at the comb gives a positive guide to 
uniform elevation and eliminates one of the faults 
of gun pointing, frequently the cause of wild shots 
in an otherwise good target. 

Fancies originate not so much from the stand¬ 
point of factory production as from the ideas of 
men who study the subject from guns in their col¬ 
lections. These collections are quite costly, and 
especially so is the experience before one learns 
proper selection. To get acquainted with various 
makes of arms, be a frequent visitor to a well- 
stocked gun store; not so frequent that you become 
a pest, but be a keen observer. Catalogs from the 
various makers will also help you decide about your 
particular fancies. 

Ammunition — Every hunter worthy of the 
name has probably had the high-velocity or speed- 
ing-up-the-bullet idea. Wisdom born of proper 
training in the game field, however, leads in a con¬ 
trary direction. Many men who have a fancy for 
high-velocity ammunition will soon or late come 
to the conclusion that, with present bullet con¬ 
struction, velocities cannot be greatly increased: 
for then it is impossible to make the most reliable 
kills. Trajectories, of course, are straightened to a 
certain extent, but our kills are only at short range 
—no greater in most instances than 200 yards. If 
we are fully to utilize the tremendous velocities 
now possible with modern military powders, new 
forms of bullets must be designed which will stand 
up under greater pressure and equal the killing 
power of our present design in round-nose bullet 
form. When velocity is increased, the jacket must 
also be increased in proportion, so that it will not 
fly apart upon impact with animal tissue or heavy 
bone. 

Tests of bullets on %-inch pine boards or other 
material such as brick, rock, etc., explain very 
little. Make a survey of the development of sport¬ 
ing-rifle ammunition in the United States since 
1920. We find that, with very few exceptions, the 
manufacturers have wisely refrained from flooding 
the market with too many new types of bullets. 
Greater development has been seen in powders, 
non-corrosive primers, gilding or copper-alloy bul¬ 
lets; this sooner or later will lead to better-designed 
projectiles. 

Some men prefer to spend their money on almost 
anything rather than a good rifle for themselves, 
with which they could not only enjoy the sport 


with good kills, but at the same time arm them¬ 
selves with a reliable instrument of defense in a 
time of need. On the North American continent 
things are very different from what they are else¬ 
where, where one must choose the perfect com¬ 
bination, making the proper selection of ammuni¬ 
tion first and then the proper rifle to use it in. 
We can travel from one end of the world to the 
other and find a vast number of obsolete arms in 
use, none of them made for their present uses. 

Sights: Telescope and Metallic — To choose 
a sight is like deciding on stock measurements. In 
this instance, however, it is the eye that must be 
fitted instead of the physique. A good telescope 
sight has certain advantages over open or metallic 
sights, according to the purpose of design. One 
of the main advantages of a telescope sight is 
clearness of vision and accuracy of aim, provided 
one is a good holder. The first of these are clearly 
and easily demonstrated. A hunting telescope 
should be of low power. A low-power glass of 
the most finely ground lenses will give a clearer 
vision in all lights than ever possible with the 
naked eye, and naturally a brighter vision in poor 
lights. A telescope sight is a fine aid to good 
shooting and better yet when applied to a sporting 
rifle used in an open country and at long ranges. 
To select a telescope without reliable mounts is 
defeating the purpose of the telescope; or if suit¬ 
able protection is not provided for transport of (he 
telescope it is just a useless expenditure of money. 
Never rely on a telescope alone on any rifle; suit¬ 
able metallic sights should also be provided. Ap¬ 
parently some men wish all their sights on their 
rifles at once, such as the telescope, open, and 
aperture. 

Sights for a target rifle include telescopes and 
aperture for both front and rear. The person who 
purchases a telescope is very anxious to procure 



Fig. 43 

Zeiss telescope and Niedner mount. Lyman aperature sight 
mounted on cocking piece, an ideal combination when two 

siahts are desired 
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the best, not only in price of instrument but in 
power as well. Many figure that if a telescope of 
2% power makes an object appear distinct, one of 
4 power makes the object twice as clear and brings 
it so much nearer. Other elements enter into this, 
however. Altho a 4-power telescope magnifies an 
object one and one-quarter times more than the 
2 : / power, it cannot be made the same weight and 
size as the other without reducing the field. You 
must also understand that a higher power multi¬ 
plier the error of aim; you realize you are not the 
steady holder you thought you were when you used 
a telescope of 2 % power. Therefore, to avoid the 
embarrassing and unpleasant dancing of objects, 
the sportsman is compelled to use a lower-power 
instrument. The “field” is the width of the sur¬ 
rounding landscape taken in by any telescope, and 
the field grows less as the power increases: in 
choosing the ideal instrument you must select both 
field and light-absorbing power. The field will 
allow you to pick out quickly any game that may 
be standing more or less concealed; and you can 
use it in the failing lights of evening or early 
morning. 

With the matter of power, field, and light intake 
settled, the prospective fancier of a telescope 
should see that the instrument selected has the 
correct field for its power. The importance of the 
greater field is appreciated only by those who have 
used these sights on game. 

The “cross-hairs” or what is commonly called 
the reticule should be a picket-pointed post running 
up and terminating at the center or just over the 
horizontal posts. The point is alined on the spot 
to be hit while the horizontal hairs are not shadow¬ 
ing the object. The old reticules having fine cross¬ 
hairs similar to the target telescope have been 
superseded by the more substantial designs of 
heavy pickets to withstand the heaviest recoil. 


Aperture sights have become the accepted stand¬ 
ard in metallic sights because better results are 
obtained on target work; but for a hunting rifle 
we must or should vary our standards to suit a 
particular location where open or telescope sights 
would be the most advantageous. The design of 
notch in a leaf sight preferred by different men 
varies so greatly that it is really difficult to know 
or even to recommend the correct form for all con¬ 
ditions and all kinds of eyesight. 

After noting the various sights listed in any cata¬ 
log or even given in this book, you will under¬ 
stand that fancies vary because we do not all have 
the same eyesight. We must continually strive for 
betterment in sight design to suit different men’s 
vision and to make shooting a pleasure for all of 
them. Even tho some may have lost the sight of 
one eye, different aids may be brought forward for 
those so handicapped. 

Experienced mechanics are often asked to carry 
out impossible ideas. A gun embodying the de¬ 
signs of all guns in one has been made and sold— 
the three- or four-barreled gun, for instance. Men 
who have the capital to invest in such a gun do so 
for no other reason than to have something differ¬ 
ent. These guns are only for (hose who need to 
carry a gun for all purposes, to be ready for all 
kinds of game and any emergency which may arise. 
In other words, they are made only for the novice 
and not for the practical and experienced hunter. 
Sellers of such arms will explain to amateur sports¬ 
men: “Here is a gun for big game and a shotgun 
for feathered game, as well as a small rille for small 
animals. Three guns in one with four barrels!” 

A two-barreled gun known as the Cape rifle was 
designed for a country such as Africa, and when 
placed in the hands of the experienced hunter it 
will provide ample protection when needed. Kc- 
giniiers should remember that to be successful as 



Fig. 44 

Thrco barrel gun of Gorman make 
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Fig. 4S 

Springfield Model 1903 rifle designed for Mrs. Charlos G. King. Eighteen-inch barrel. "Mannlicher type." An arm well 

adapted to the saddle scabbard 


a hunter, one must go out for one thing and not 
vary the bag; as a rule, if one follows up one kind 
of game for the day, the bag will be greatly in¬ 
creased. What the amateur sportsman wants to 
know is where to shoot and what to shoot with. 

The average individual is like a boy with his 
first gun. To him it is an amazing mechanism and 
the most real and cherished possession he can own. 
All is as it seems on the surface— and all arises 
from the surface. He dreams, ‘‘What I can do 
with it!” The average unthinking person lives in 
a maze of mysteries which he calls his life; the 
unexpected is always happening to him. The ex¬ 
pected and longed for happens but seldom, and 
when it does, he doesn’t know how or why. lie 
no more attempts to understand the laws back of 
his life dreams nor tries to figure out how a gun 
was made, than the small boy. He just takes it for 
granted and enjoys it after a fashion. We like the 
small boy who lives absorbed in the delusion that 
things are what they seem to be and who uses them 
without figuring the results. Science has shown us, 
however, that everything in the universe has some 
cause, and that the same cause always brings the 
same result. There are no accidents, nor are there 
any miracles performed. 


I would not advise applying certain fancies I 
have named to a firearm except practically. So 
many ideas are advanced that are neither practical 
nor possible. While in charge of the experimental 
department at the Arsenal I spent many amusing 
hours reading the Patent-Office reports. A few 
ideas were good, but the majority showed that the 
inventors allowed convictions to get the better of 
common sense. They believed the thing was good 
and spent good money on the idea in order to have 
such a fancy patented and satisfy a whim. A per¬ 
sonal fancy is a capricious liking formed oftentimes 
without reason or exercise of judgment, particu¬ 
larly in gun work, and it is likely to fade as quickly 
as it was formed. 



Fig. 46 

Springfield floor plate. Moose and bear in gold. High relief 

engraving 
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Principles of Iron and Steel 


T HIS subject, if treated in technical terms, 
would fill a volume alone, so I shall only give a 
brief description of the principles of iron, the basic 
foundation of all steels. Let me first give defini¬ 
tions of iron and steel which should be known to 
the beginner. 

Alloy Cast-irons — Irons which owe their prop¬ 
erties chiefly to the presence of an element other 
than carbon. 

Alloy Steel s — Steels which owe their proper¬ 
ties chiefly to the presence of an alloy other than 
carbon, such as nickel, chromium, molybdenum, 
tungsten, manganese, vanadium. 

Basic Pig-iron — Pig-iron contains so little sili¬ 
con and sulfur that it is suited for easy conversion 
with steel by the basic open-hearth process. (Re¬ 
stricted to pig-iron containing not more than one 
per cent of silicon.) 

Bessemer Pig-iron — Iron which contains so 
little phosphorus and sulfur that it can be used for 
conversion into steel by the original or acid Bes¬ 
semer process. (Restricted to pig-iron containing 
not more than 0.10 per cent of phosphorus.) 

Bessemer Steel — Steel made by the Bessemer 
process irrespective of carbon content. 

Cast-iron — Iron containing so much carbon or 
its equivalent that it is not malleable at any tem¬ 
perature. It is recommended to draw the line 
between cast-iron and steel at 2.20 per cent. 

Cast Steel — The same as crucible steel; obso¬ 
lete and confusing. 

Charcoal-hearth Cast-iron — Cast-iron which 
had its silicon and usually its phosphorus removed 
in the charcoal hearth, but still contains so much 
carbon as to be distinctly cast-iron. 

Converted Steel — The same as blistered steel. 

Crucible Steel — Steel made by the crucible 
process irrespective of carbon. 

Gray Pig-iron and Gray Cast-iron — Pig-iron 
and cast-iron in the fracture of which the iron 
itself is nearly concealed by graphite, so that the 


fracture has the peculiar gray color of graphite. 

Malleable Castings — Castings made from iron 
which, when first made, is in the condition of cast- 
iron, and is made malleable by subsequent treat¬ 
ment without fusion. 

Malleable Pig-iron — An American trade name 
for pig-iron suitable for converting with malleable 
castings through the process of melting. Treated 
when molten casting in a brittle state, and then 
made malleable without remelting. 

Open-hearth Steel — Steel made by the open- 
hearth process irrespective of carbon contents. 

Pig-iron — Cast-iron which has been cast into 
pigs direct from the blast furnace. 

Puddled Iron — Wrought-iron made by the 
puddling process. 

Puddled Steel — Steel made by the puddling 
process, and necessarily slag-bearing. 

Refined Cast-iron — Cast-iron which has most 
of its silicon removed in the refining furnace, but 
still contains so much carbon as to be distinctly 
cast-iron. 

Shear Steel — Steel usually in the form of bars 
made from blistered steel by shearing it into short 
lengths, and piling and welding these by rolling or 
hammering them at a welding heat. If this proc¬ 
ess of shearing, etc., is repeated, the product is 
called “double-shear steel.” 

Steel — Iron which is malleable at least in some 
one range of temperature and in addition is either 
(a) cast into an initially malleable mass, or (b) is 
capable of hardening greatly by sudden cooling, or 
(c) is both so cast and so capable of hardening. 

Steel Castings — Unforged and unrolled cast¬ 
ings made from Bessemer open-hearth crucible, or 
an}' other, steel. 

Washed Metal — Cast-iron from which most of 
the silicon and phosphorus have been removed by 
the Bell-Krupp process without removing much of 
the carbon; steel contains enough carbon to be 
cast-iron. 
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Weld Iron — The same as wrought iron; obso¬ 
lete and needless. 

White Pig-iron and White Cast-iron — Pig- 
iron and cast-iron in the fracture of which little or 
no graphite is visible, so that their fracture is sil¬ 
very and white. 

Wrought Iron — Slag-bearing malleable iron 
which does not harden materially when suddenly 

9 9 

cooled. 

The above information will convey to the stu¬ 
dent a clearer understanding of how the different 
forms are classified, and he can gain the required 
knowledge to know what should be used. A fur¬ 
ther explanation of steels commonly used in gun 
work is necessary, as I have often mentioned tool 
steel, machinery steel, cold-drawn steel, etc., in 
these pages. Naturally, the beginner will not defi¬ 
nitely understand such terms, and the only satis¬ 
factory method is to make them clear and to point 
out their proper application. In the automobile 
industry the requirements for different steels have 
reached a high degree of perfection, so we will 
select our steels from their specifications, which 
are known as the S. A. E. (Society of Automobile 
Engineers) standard and are given under various 
numbers, each suited tu some particular part. 1 
list these under their proper headings. 

Carbon Steels 

Pkos - 


S.A E. 

Carbon 

Manganese 

phorus 

Sulfur 

Steel No. 

Range 

Range 

Maximum 

Maximum 

1010 

0.05-0.15 

0.30-0.60 

0.045 

0.05 

1015 

0.10-0.20 

0-30-0.60 

0.045 

0.05 

1020 

0.15-0.25 

0-30-0.60 

0.045 

0.05 

1025 

0.20-0.30 

0.50-0.80 

0045 

0.05 

1030 

0.25-0.35 

0.50-0.80 

0.045 

0.05 

1035 

0.30-0.40 

0.50-0.80 

0.045 

0.05 

1040 

0.35-0.45 

0.50-0.30 

0.045 

0.05 

1045 

0.40-0.50 

0.50-0.80 

0.045 

0.05 

1315 

0.10-0.20 

1.25-1.55 

0.C50 

0.08-0.13 

1050 

0.45-0.55 

0.50-0.80 

0.045 

0.05 

1095 

0.90-1.05 

0.25-0.50 

0.040 

0.05 

*1350 

0.45-0.55 

0.90-1.20 

0.040 

0.05 

*1360 

0.55-0.70 

0.90-1.20 

0.040 

0.05 


• The silicon content for 1350 and 13<S0 muse not exceed 0.30 per 
cent, 


The 0.10 per cent carbon steel (usually known 
as soft, basic, open-hearth steel) is commonly used 


for seamless tubing, press-steel frames, sheet brake 
bands, etc. When annealed, it should be used 
where strength is required. The quality is im¬ 
proved by cold drawing or rolling. The 0.10 per 
cent carbon steel in its natural or annealed state 
cannot be machined easily; it will tear badly in 
turning, threading, and broaching operations. A 
heat treatment which will produce some stiffness is 
to quench it in oil or water at a temperature of 
1500 degrees Fahrenheit. This steel will case- 
harden, but it is nut as suitable for this purpose 
as 0.20 per cent carbon steel. 

The 0.20 per cent carbon steel is known as 
machine steel or machinery steel. It forges and 
machines well, but is not suitable for screw ma¬ 
chine work. Its particular use is for forged ma¬ 
chine and case-hardened parts where strength is 
not of special importance. It can also be drawn 
into tubes and rolled into cold rolled forms. Heat 
treatment does not increase the strength of this 
steel, but causes a refinement of the grain after 
forging and increases the toughness; all that is, 
necessary is to quench it in oil at 1500 degrees 
Fahrenheit. 

The 0.30 per cent carbon steel is primarily a 
structural steel. It forges well, machines well, and 
responds to heat treatment in regard to strength, 
as well as toughness. It is used extensively in 
automobile construction and in rifle parts such as 
ramps, barrel bands, sight bases, etc. 

The 0.40 per cent carbon steel is a structural 
steel of greater strength than that previously men¬ 
tioned. Its uses are more limited and generally 
confined to parts requiring a high degree of 
strength and considerable toughness. It is com¬ 
monly used for crank shafts, driving shafts, pro¬ 
peller shafts, etc. It has also been used for trans¬ 
mission gears, but is not quite hard enough with¬ 
out case-hardening. When properly annealed it 
machines well, but is not suitable for screw ma¬ 
chine work. 

The 0.50 per cent carbon differs but little from 
that just described, altho owing to its higher car¬ 
bon content it is somewhat harder to machine and 
also somewhat stronger. 


S.A.E. 

Carbon 

Steel No. 

Range 

2015 

0.10-0.20 

2115 

0.10-0.20 

2315 

0.10-0.20 

2320 

0.15-0.25 

2330 

0.25-0-35 

2335 

0.30-0.40 

2340 

0.35-0.45 

2345 

0.40-0.50 

2350 

0.45-0.55 

2512 

Max.-0.17 


Nickel Steels 

Manganese Phosphorus 


Range 

Maximum 

0.30-0.60 

0.04 

0.30-0.60 

0.04 

0.30-0.60 

0.04 

0.50-0.80 

0.04 

0.50-0.80 

0.04 

0.50-0.80 

0.04 

0.50-0.80 

0.04 

0.50-0.80 

0.04 

0.50-0.80 

0.04 

0.30-0.60 

0.04 


Sulfur 

Nickel 

Maximum 

Range 

0.045 

0.40-0.60 

0.045 

1.25-1.75 

0.045 

.3.25-3.75 

0.045 

3.25-3.75 

0.045 

3.25-3.75 

0.045 

3.25-3.75 

0.045 

3.25-3.75 

0.045 

3.25-3.75 

0.045 

3.25-3.75 

0.045 

4.75-5.25 
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Alloy steels must be heat-treated; they should 
not be used in the annealed or natural condition. 
When annealed they are but slightly superior to 
plain carbon steels. 

The 0.15 per cent, carbon nickel steel is suitable 
for carbonizing purposes. When properly carbon¬ 
ized and heat-treated, it has a strong and tough 
core and a hard exterior. This steel is especially 
adapted for case-hardened receivers and other 
case-hardened gun parts requiring both strength 
and hardness. 

The 0.200 per cent carbon nickel steel may be 
used interchangeably with that just described, it 
is intended primarily for case-hardening purposes, 
but may, with suitable heat-treatment, also be used 
for structural parts. 

The 0.25 per cent carbon nickel steel may also 
be used hardened and is satisfactory for barrels 
and transmission gears. The treatment for car¬ 
bonizing must be slightly modified to allow the 
increase of carbon contents. It also can be used 
for many structural parts when subjected to heat- 
treatments. 

The 0.30 per cent carbon nickel steel is primarily 
used for structural parts such as axles, crank shafts, 
driving shafts, transmission shafts. and barrels 
requiring strength and toughness. Wide variations 
as to elastic limits are possible by varying the 
quenching mediums—oil, water, or limes—and by 
variations in the drawing temperatures. 

The 0.35 per cent carbon nickel steel is very 
similar to that just described. The 0.40, 0.450, 
and 0.550 per cent carbon nickel steels arc not 
widely used, but are advisable for certain purposes. 
A greater hardness is obtainable than with steels 
having lower carbon contents, but as increased 
brittleness accompanies the greater hardness, the 
treatment must be modified to meet these condi¬ 
tions. For example, the final quenching must be 


at a lower temperature in order to secure the de¬ 
sired toughness and other properties. 

There are three kinds of nickel-chromium steel 
in common use: low, medium, and high nickel- 
chromium steels. In general, it may be said tha. 
the heat-treatment and properties of these steels 
are much the same as those of the plain nickel 
steels, except that the effects of the heat-treatment 
are somewhat augmented by the presence of 
chromium. 

The low nickel-chromium with carbon contents 
up to 0.20 per cent are intended primarily for case- 
hardening. while those with carbon contents from 
0.25 to 0.40 per cent are adapted to structural 
purposes. Those with carbon contents from 0.45 
to 0.55 per cent may be used for gears and other 
structural parts where a high degree of strength 
and hardness is required and where toughness is 
not of first importance. 

The medium nickel-chromium steels are of the 
same composition as the low nickel-chromium 
steels except that they contain more nickel and 
chromium. Their general usage is practically the 
same. 

The high nickel-chromium steels require differ¬ 
ent heat-treatment from other types mentioned. 
Annealing before machining will be found neces¬ 
sary for these steels, owing to the high percentages 
of nickel and chromium. The steels with low car¬ 
bon contents are case-hardened the same as low 
nickel-chromium steels, and those with higher car¬ 
bon contents are used for structural parts. In gen¬ 
eral these steels are used where unusual strength is 
demanded. For example, the 0.45 per cent high 
nickel-chromium steel is used for gears where ex¬ 
treme strength and hardness is necessary. The 
carbon content is high enough to give the required 
degree of hardness by quenching and without case- 
hardening. This steel is difficult to forge. During 


Nickel Chromium Steels 



Carbon 

Manganese 

Phosphorus 

Sulfur 

Nickel 

Chromium 

Steel No. 

Range 

Range 

Maximum 

Range 

Range 

Range 

3115 

0.10-0.20 

030-0.00 

0.04 

0.045 

1.00-1.50 

0.45-0.75 

SI 20 

0.15-0.25 

0.30-0.60 

0.04 

0.045 

1.00-1.50 

0.45-0.75 

3125 

0.20-0.30 

0.50-0.80 

0.04 

0.045 

1 00-1.50 

0.45-0.75 

3130 

0.25-0.35 

0.50-0.80 

0.04 

0.045 

1.00-1.50 

0.45-0.75 

3135 

0.30-0.40 

0.50-0.80 

0.04 

0.045 

1.00-1.50 

0.45-0.75 

3140 

0.35-0.45 

050-0.80 

0 04 

0.045 

1.00-1.50 

0.45-0.75 

3215 

0.10-0.20 

0.30-0.60 

0.04 

0.040 

1.50-2.00 

0.90-1.25 

3220 

0.15-0.25 

0.30-0.60 

0.04 

0.010 

1.50-2.00 

0.90-1.25 

3230 

0.25-0.35 

0.30-0.60 

0.04 

0.040 

1.50-2.00 

0.90 1.25 

3240 

0.35-0.45 

030-0.60 

0.04 

0.040 

1.50-2.00 

0.90-12.5 

3245 

0.40-0.50 

0.J0-0.60 

0.04 

0.040 

1.50-2.00 

0.90-1.25 

3250 

0.45-0.55 

0.30-0.60 

0.04 

0.040 

1.50-2.00 

0.90-1.25 

3312 

Max.-0.17 

030-0.60 

0.04 

0.040 

3.25-3.75 

1.25 1.75 

3325 

0.20-0.30 

030-060 

0.04 

0.040 

3.25-3.75 

1.25-1.75 

3335 

0.30-0.40 

0.30-0.6C 

004 

0.040 

3.25-3.75 

1.25-1.75 

3340 

035-0.45 

030-0.60 

0.04 

0.040 

3.25-3.75 

1.25-1.75 

3415 

0.10-0.20 

0.30-0.60 

0.04 

0.040 

2.75-3.25 

0.60-0.95 

3435 

0.30-0.40 

030-0.60 

0.04 

0.010 

7.75-3.25 

0,60-0.95 

3450 

0.45-0.5S 

0.30-0.60 

0.04 

0.040 

2.75-3.25 

0.60-0.95 
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the forging operation, it should be kept at a high in such steels varies from 2.5 to about 5 per cent, 

or plastic heat and should not be hammered or and of carbon from 0.8 to 2 per cent, 

worked at ordinary forging temperatures, as crack- The composition of ordinary screw stock should 
ing is liable to follow. On the other hand, too be in general about as follows: carbon, from 0.08 

high a temperature is not advisable, as the steel to 0.20 per cent; manganese, 0.30 to 0.80; phos- 

then becomes re-short and breaks. phorus, not to exceed 0.12 per cent; sulfur, 0.06 to 


Chromium-Vanadium Steels 


S.A.E. 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Chromium 

Vanadium 

Steel No. 

Rattle 

Range 

Maximum 

Maximum 

Range 

Min. 

Desired 

6120 

0.15-0.25 

0.50-0.80 

0.04 

0.04 

0.80-1.10 

0.15 

0.18 

6125 

0.20-0.30 

0.50-0.80 

004 

0.04 

0.80-1.10 

0.15 

0.18 

6130 

0.25-035 

0.50-0.80 

o.ot 

0.C4 

0.80-1 10 

0.15 

0.18 

6135 

0.30-0.40 

0.50-0.80 

0.04 

0.01 

0.80-1.10 

0.15 

0.18 

6140 

0.35-0.45 

0.50-0.80 

0.04 

0.C4 

0.80-1.10 

0.15 

0.13 

6145 

0.40-0.S0 

0.50-0 80 

0.04 

0.04 

0.80-1.10 

0.15 

0.13 

6150 

0.45-0.55 

0.50-0.80 

0.04 

0.04 

0.80-1 10 

0.15 

0.18 

6195 

0.90-1.05 

0.20-0.45 

0.03 

0.03 

0.80-1.10 

0.15 

0.13 


Chromium-vanadium steels are used for many 0.12 per cent. Screw slock is easily machined and 

automobile parts, particularly springs, axles, driving cheap, but lacks strength and toughness, and is not 

shafts, and gears—and also in springs for guns, safe for vital parts. Screws made from hot-rolled 

etc. Those grades which contain from 0.15 to 0.20 bars of this material should be heat-treated and not 

per cent of carbon are intended primarily for case- used in an annealed condition. Screws made from 

hardened parts, while those of from 0.25 to 0.50 cold-rolled bars are much stronger, but the best 

per cent carbon steel may be used for gears and results in either case are obtained by a heat-treat- 

springs. When used for structural parts, if an ment. After machining, heat to 1500 degrees 

exceedingly high strength is desirable, the 0.50 per Fahrenheit, quench, reheat from 600 to 1300 de¬ 

cent carbon chromium-vanadium steel is suitable grees Fahrenheit, and cool slowly. This steel is 
for springs and gears. used extensively on .22-caliber barrels by Amer- 


Molybdenum Steels 


SA.E. 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Chromium 

Nickel 

Molybdenum 

Steel No. 

Range 

Range 

Maximum 

Maximum 

Range 

Range 

Range 

4130 

0.25-035 

0.40-0.70 

0.04 

0.045 

0.50-0.80 


0.15-0.25 

4140 

035-0.45 

0.40-0.70 

0.04 

0.045 

0.80-1.10 


0.15-0.25 

4150 

045-0.55 

040-070 

0.04 

0 04S 

0.80-1.10 


0.15-0.25 

4615 

0.10-0.20 

030-0.60 

0.04 

0.045 


1.50-2.00 

0.20-0.30 


Molybdenum steels have properties similar to ican gun makers, and is known as cold-drawn steel, 
tungsten steels, except that a smaller quantity of 

molybdenum than that of tungsten is required to General Properties ol Alloy Steels — Alloy 
secure corresponding results. or “special” steels are combinations of iron and 


Chromium Steels 


SA.E. 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Chromium 

Steel No. 

Range 

Range 

Maximum 

Maximum 

Range 

5120 

0.15-0.25 

0.30-0.60 

0.04 

0.045 

0.60-0.90 

5140 

035-0.45 

0.50-0.80 

0.04 

0.045 

0.80-1.10 

5150 

0.45-0.55 

0.50-0.80 

0.04 

0.045 

0.80-1.10 

52100 

0.95-1.10 

0.20-0.50 

0.03 

0.030 

1.20-1.50 


Chromium steel is well adapted for armnr-pierc- carbon with some other element such as nickel, 

ing projectiles, owing to its hardness, toughness, chromium, tungsten, vanadium, manganese, or 

and stiffness, and is extensively used for this pur- molybdenum. All these metals give certain dis¬ 
pose. Chromium steel is also used in the construe- tinct properties to the steel, but in every case the 

tion of safes and for castings subject to unusually principal quality is the increase in hardness and 

severe stress, such as those used in rock-crushing toughness. 

machinery, etc. The percentage of chromium used Nickel steel usually contains from 3 to 3.5 per 


Screw Stock 


SA.E. 

Carbon 

M anganese 

Phosphorus 

Sulfur 

Steel No. 

Range 

Range 

Maximum 

Maximum 

1112 

0.08-0.16 

0.60-0.80 

0.09-0.13 

0.075-0.15 

1120 

0.15-0.25 

0 60-0.90 

Max.-0.06 

0.075-0.15 
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cent nickel and from 0.20 to 0.40 per cent car¬ 
bon. This steel is used for armor plate, ammuni¬ 
tion, barrels, receivers, bridge construction, rails, 
etc. One of the reasons why nickel steel is adapted 
for armor plate is that it does not crack when per¬ 
forated by a projectile. The Krupp steel used for 
armor plate contains approximately 3.5 per cent 
nickel, 1.5 per cent chromium, and 0.25 per cent 
carbon. The advantage claimed for nickel steel 
for railroad rails is its increased resistance to abra¬ 
sion and high elastic limit. On sharp curves, it 
has been estimated that a nickel-steel rail will out¬ 
last four ordinary rails. High grade barrels are 
made from this steel. 

Tungsten steel is largely employed for high¬ 
speed metal-cutting tools and magnet steels. It 
has also been used in the manufacture of armor 
plate. All cores used in the .30 and .50 caliber 
armor-piercing projectiles are 3.5 per cent tungsten. 
In the latter case, the metal is combined either 
with nickel or chromium, or with both of these 
metals. The property that tungsten imparts to 
steel is that of hardening in air after heating to the 
required temperature. This steel usually contains 
from 5 to 15 per cent tungsten (altho the percent¬ 
age is sometimes as high as 24 per cent with from 
0.4 to 2 per cent carbon). 

Vanadium steel ordinarily contains from 0.16 to 
0.25 per cent vanadium. The effect of vanadium 
is to increase the tensile strength and elastic limit, 
and it gives the steel the valuable property of 
resisting, to an unusual degree, repeated stresses. 
Vanadium steel is especially adapted for springs, 
car axles, gears subject to severe service, and for 
all parts which must withstand vibrations and 
varying stresses. 

Manganese steel contains 12 per cent manganese 
and from 0.8 to 1.25 per cent carbon. If there is 
only 1.5 per cent manganese, the steel is very 
brittle, and additional manganese increases this 
brittleness until the quality has reached 4 to 4.15 
per cent, when the steel can be pulverized under 
the hammer. With a further increase of manga¬ 
nese, the steel becomes ductile and very hard, these 
qualities being at their highest degree when the 
manganese content is 12 per cent. The ductility of 
the steel is brought out by sudden cooling, the 
process being the opposite of that employed for 
carbon steel. 

Crucible or Tool Steel — Crucible or tool 


steel, formerly called cast steel, is made by using 
high-grade low-phosphorus wrought iron and add¬ 
ing carbon to it. The oldest method of adding 
carbon was the “cementation process, 1 ’ in which 
iron bars were packed in airtight retorts with pow¬ 
dered charcoal between the bars. The filled retorts 
were put in a furnace where they were heated to a 
red heat for several days. The carbonized bars com¬ 
monly called “blistered steel'’ were then cut in 
small pieces, remelted in a crucible, and poured 
into moulds, forming small billets. The newer 
method is to put small pieces of wrought iron into 
an airtight crucible containing the proper amount 
of powdered charcoal and melt them down. The 
other ingredients, such as chromium, tungsten, etc., 
are also added in the crucible. 

The most common defects in finished bars of 
tool steel are: 

1 . Seams. These can generally hr* seen with the naked 

eye on the surface of the bar; they run lengthwise. Tools 
made from sled containing seams are liable to open in 
forging or to crack in hardening. \ 

2. Laps. These are causer! either in rolling or drawing 
down under the hammer. They present an appearance 
similar to a seam, but are usually longer, and in the case 
of rolled bars, frequently run the whole length of the bar. 

3. Pipes. These defects are caused by the contraction 
when cooling and are in the top half of the ingot. The 
lower half is usually sound, as its contraction when cooling 
is fed by the molten metal in the top half. The larger 
the ingot, the more difficult this defect is to deal with. 
This defect causes tools to split from the center in 
hardening. 

Tool steel which is purchased from the steel 
manufacturer is generally stamped-annealed to per¬ 
mit easy machining, but for forging purposes the 
unannealed bars are all that is required, for they 
must be annealed before any machining can be 
done. 

If the student wishes to go into this subject ex¬ 
tensively he should become familiar with all steels 
which are placed in the market by the large steel 
companies. Secure various catalogs, as some of 
these contain valuable information. As you know, 
steel-making today calls for men who have had 
scientific training, for it is a science in itself. The 
experience which I gained at the arsenal in han¬ 
dling all makes of steel, together with their heat- 
treatment for a vast number of tools and gauges, 
fitted me to treat the subject for the beginner. It 
would have been far easier to treat it technically, 
but if you need such knowledge you will acquire 
it from the proper source. 




CHAPTER Vn 


Heat-Treatment of Steel 


' I ’HE problem of giving a satisfactory exposition 
JL of the subject of this chapter is very simple, 
but as a rule nnlv one out of a hundred readers 

9 

will have access to the hardening room in order 
to carry out the methods I am about to outline. 
These methods are vital in every detail, however, 
for complete gun work. At the arsenal we had a 
very elaborate hardening equipment; furnaces, 
quenching baths, recording instruments meant the 
success of the manufacturing division. The ama¬ 
teur in his struggle must devise ways and means to 
solve this problem. I shall outline the correct 
methods and then he can figure out his own equip¬ 
ment, even tho he constructs it from materials 
close at hand. 

Heating Furnaces — The furnaces used for the 
hardening, annealing or tempering of steel are 
heated either by gas, oil, electricity or solid fuel. 
Furnaces using oil or gas are made in many differ¬ 
ent styles and sizes to suit various classes of work, 
but differ very little in general arrangement. Crude 
oil and kerosene are commonly used in oil-heated 
furnaces. To insure an unvarying temperature, the 
air and fuel pressure should be uniform. Gas 
furnaces use either natural, artificial or producer 
gas. Some gas furnaces are equipped with an 
automatic apparatus which operates in conjunction 
with a pyrometer for controlling the temperature 
to within a few degrees of a given point. The 
air supply is generally obtained from a positive 
blower, altho where a compressor is installed for 
operating other tools, the air is sometimes utilized 
for the furnace by interposing reducing valves to 
diminish the pressure. 

Artificial gas is more expensive than oil, but is 
much cleaner, and the supply tanks required for 
oil are unnecessary. Producer gas obtained from 
a separate plant is not economical, unless there 
are a considerable number of furnaces. When 
oxidization or the formation of scale is particularly 
objectionable, furnaces of the muffle type are often 
used. These furnaces contain a refractory in which 
the steel is placed, thus excluding the products of 
combustion. These muffles must be replaced quite 
frequently and more fuel is required than for an 
oven type of furnace. 


Electrically heated furnaces are generally the 
most satisfactory' for the heat-treatment of high- 
grade work, altho the cost of electricity exceeds 
that of liquid or gaseous fuels. A type of electric 
furnace commonly used derives its heat from a 
heavy low-voltage current which passes through 
electrodes to resistance elements in the heated 
chamber. This type of furnace gives uniform heat 
and is adapted to accurate regulations. Electrically 
heated furnaces are also used in conjunction with 
heating baths, the current being transmitted 
through a bath of metallic salts, or by two elec¬ 
trodes on opposite sides of-the crucible. n 

The conductivity of the salt is very small at 
normal temperatures. When in a molten condi¬ 
tion, the salt offers a comparatively low resistance 
to the electric current, and therefore, when the 
bath is hot, it forms an electric conductor, and 
each part of the bath produces its own heat. 

Solid fuels, such as coke, coal, charcoal, etc., are 
also used as described in Chapter XIX, Volume I. 
A common type of solid-fuel furnace is equipped 
with a grate upon which the fuel is burned and 
an arch above the grate which reflects the heat 
back to the plate that holds the steel to be heated. 
This plate should be so located that the flames 
will not come in direct contact with the steel and 
injure the finished surfaces. To prevent this, the 
steel is sometimes safeguarded by placing it in¬ 
side of a clay or cast-iron retort which is encircled 
by the flames. The solid-fuel type of furnace is 
inferior to other types for most purposes because 
it is almost impossible to maintain a uniform tem¬ 
perature, and the gases of combustion are liable to 
injure the steel. 

Pyrometers — Pyrometers are a necessary addi¬ 
tion to furnace equipment and have great value 
in connection with the heat-treatment of steel, as 
they make it possible to determine high tempera¬ 
tures accurately; moreover, the temperature, when 
heating for hardening, can be regulated to conform 
with the temperature that has given the best re¬ 
sults in practise. There are several different 
types of pyrometers commonly used in industrial 
service, and they may be classified according to 
the principle upon which they operate. 
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Thermo-Electric Pyrometer — On this type of 
pyrometer, temperature variations are determined 
by the measurements of an electric current gener¬ 
ated by the action of heat on the junction of two 
dissimilar metals; that is, on junction of the 
thcrmo-cupplcr which has a temperature different 
from the other, a current is developed, and a meter 
indicates the temperature, the relation between 
the strength of current and the temperature being 
constant. The thermo-cuppler and the meter form 
the essential parts. The two dissimilar metals 
composing the thermo-cuppler are connected at 
one end, which is called the “hot end” and is 
placed in the furnace at the temperature required. 
Except at the hoi end, the two wires or elements 
do not touch. The free ends, called the “cold end/* 
are kept away from the heat. When the hot end 
is heated, the intensity of the current generated 
depends upon the difference between the tempera¬ 
ture of the hot and cold ends. The meter is con¬ 
nected to the cold end and shows the value of the 
current in degrees Fahrenheit or Centigrade. Some 
pyrometers of this type may be used intermittently 
for temperatures up to 3000 degrees Fahrenheit. 

Heating Steels in Liquid Baths — The liquid 
baths commonly used for heating tool steel pre¬ 
paratory to hardening are molten lead, cyanid 
of potassium, barium chlorid, a mixture of barium 
and potassium chlorid, and other metallic salts. 
The molten substance is retained in a crucible, 
which is usually heated by gas or oil. The prin¬ 
cipal advantages of heating baths are as follows: 
no part of the work can he heated to a tempera¬ 
ture above that of the bath; the temperature can 
easily be maintained at whatever degree has proved 
in practise to give the best results; the submerged 
steel can be heated uniformly; and the finished 
surfaces are protected against oxidization. 

The Lead Bath — I have mentioned this bath 
often in chapters pertaining to steels, but it will 
do no harm to give another explanation. The lead 
bath is extensively used, but is not adapted to the 
high temperatures required for hardening high¬ 
speed steel, as it begins to vaporize at about 1190 
degrees Fahrenheit, and if heated much above that 
point, rapidly volatilizes and gives off poisonous 
vapors; therefore lead furnaces should be equipped 
with hoods to carry away the fumes. Lead baths 
are especially adapted for springs, reamers, and 
small tools made for gun work. Gas is the most 
satisfactory fuel for heating the crucible. It is 
important to use pure lead that is free from sul¬ 
fur. The work should be preheated before plunging 
into the lead. 


Cyanid of Potassium Bath — This is another 
bath which is extensviely used by gun manufac¬ 
turers to harden parts and at the same time se¬ 
cure an ornamental color effect. Many steel harden¬ 
ers prefer cyanid of potassium to lead for heating 
steel cutting tools, gauges, dies, etc. When cyanid 
is used, the parts should be suspended from the 
side of the crucible by means of wires or wire-cloth 
baskets, to prevent them from sinking to the bot¬ 
tom. Steel will not sink in a lead bath, as lead has 
a higher specific gravity than steel. Cyanid of po¬ 
tassium should be carefully used, as it is a violent 
poison. The fumes are very injurious and the 
crucible should be enclosed with a hood connecting 
with a chimney or ventilation shaft. 

Barium Chlorid Bath — As a temperature of 
about 2400 degrees Fahrenheit can be obtained 
with this bath, it is used to Harden high-speed steel 
parts such as barrel drills, barrel reamers of high¬ 
speed steel etc. The tools come from this bath 
free of scale. When barium chlorid is used for 
the lower temperatures required for carbon steel, 
it is mixed with chlorid of potassium. For tem¬ 
peratures between 1400 and 1650 degrees Fahren¬ 
heit, use three parts barium chlorid and two parts 
chlorid of potassium. For higher temperatures, 
the amount of potassium chlorid should be propor¬ 
tionately reduced, pure barium chlorid being used 
for temperatures above 2000 degrees Fahrenheit. 
All steel should be preheated to 600 or 800 degrees 
before being immersed in the bath. Temperatures 
below 1075 degrees Fahrenheit can be obtained by 
using equal parts of potassium nitrate and sodium 
nitrate. This mixture sets at 400 degrees Fahren¬ 
heit and can be used as a tempering bath. 

Annealing Steel — The purpose of annealing or 
normalizing is not only to soften steel for machin¬ 
ing, but to remove all strains incident to machining, 
rolling or hammering. A common method of an¬ 
nealing is to pack the steel in a cast-iron box or 
pipe containing some material such as powdered 
charcoal, siaked lime, or sand. The box and its 
contents are sealed with fire clay on the ends and 
then heated in a furnace to the proper tempera¬ 
ture for a length of time depending upon the size of 
the steel. After heating, the box or pipe and its 
contents should be allowed to cool at a rate slow 
enough to prevent hardening. The best time to do 
such work is in the afternoon before going home. 
Heat the box or pipe in the furnace to the required 
temperature arid shut the furnace off, allowing it 
to cool with the furnace, and remove the following 
morning. It is essential, when annealing, tu ex¬ 
clude the air as completely as possible while the 



HEAT-TREATMENT OF STEEL 


91 


steel is hot, to prevent the outside of the steel 
from becoming oxidized. 

The temperature required for annealing should 
be slightly above the critical point, which varies 
for different steels. Low-carbon steel should be 
annealed about 1650 degrees, and high-carbon 
steel between 1300 and 1400 degrees, Fahrenheit. 
This temperature should be maintained just long 
enough to heat the entire piece evenly throughout. 

Care should be taken not to heat the steel much 
above the decalescence or hardening point. When 
steel is heated above this temperature, the coarse¬ 
ness increases with an increase of temperature. 
Moreover, if steel that has been heated above the 
critical point is cooled slowly the coarseness of the 
grain corresponds to the coarseness at the maximum 
temperature; hence, the grain of annealed steel is 
coarser. 

If only a small piece of steel or a single tool is to 
be annealed, this can be done by building up a 
fire-brick box in an ordinary blacksmith’s forge, 
placing the tool in it, covering over the top, then 
heating the whole, covering it with coke, and leav¬ 
ing it to cool over night. Another quick method is 
to heat the steel to a red heat. Bury it in dry 
fine sand, lime, or hot ashes, and allow it to cool. 
I have read of quick annealing methods such as 
heating the piece to a dull black-rcd, and plung¬ 
ing it into hot soapy water, and also into hot water. 
Methods of this kind are not to be recommended; 
the advice in their favor flows from the pen of the 
inexperienced. 

Annealing High-Speed Steel — The following 
method is used to anneal high-speed steel, and also 
to normalize barrel tools after they are centered 
and roughing cuts are taken. All such tools must 
be given these treatments or you will lose half 
of the reamers; for these will run out when placed 
between centers, and will not clean up to required 
sizes. Use an iron box or pipe of sufficient size 
to allow at least one-half inch of packing between 
the pieces of steel to be annealed and the sides of 
the box or pipe. It is not necessary that each 
piece of steel be kept separate from the one next 
to it, but only that the steel be prevented from 
touching the sides of the annealing pipe or box. 
Pack carefully with powdered charcoal or fine dry 
lime, and cover with an airtight cap with small 
holes, or lute with fire-clay; heat slowly to a dull 
red heat of about 1470 to 1500 degrees Fahrenheit, 
and allow to remain at this heat from two to eight 
hours, depending upon the size of the pieces to be 
annealed. All barrel tools require abuut two hours. 
Cool as slowly as possible, and do not expose to 
the air until absolutely cold. A good way to insure 


this is to allow' the box or pipe to remain in the 
furnace until cold. 

We have conducted a series of experiments to de¬ 
termine the proper temperature to heat high-speed 
steel for annealing, with the following results: When 
the steel was heated to below 1250 degrees Fahren¬ 
heit and slowly cooled, as in annealing, it retained 
the original hardness and brittleness imparted in 
forging. When heated to between 1250 and 1450 
degrees, the Brinnell test indicated that the 
steel was soft, but turning tests proved that the 
steel still retained its original brittleness. However, 
when heated to between 1475 and 1575 degrees, 
the steel became very soft; it had a fine-grained 
fracture and the initial brittleness had entirely dis¬ 
appeared. In carrying these tests further to 1625, 
1725, and 1325 degrees Fahrenheit, it was found 
that steel became very soft, .but that there was a 
gradual increase in brittleness and in the size of 
the grain, until at 1875 degrees the steel again be¬ 
came as brittle as annealed steel. Lime was used 
as a packing medium in making these tests. 

Hardening, Critical Temperatures — The “crit¬ 
ical points’’ of carbon tool steel are the tempera¬ 
tures at which certain changes in the chemical com¬ 
position of the steel bike place during both heating 
and cooling. Steel at normal temperatures has its 
carbon (w'hirh is the chief hardening element) in 
a certain form called “pearlite” carbon. It the 
steel is heated to a certain temperature, a change 
occurs, and the pearlite becomes “martinsite” or 
hardened carbon. If the steel is allowed to cool 
slowly, the hardened carbon changes back to pearl¬ 
ite. The points and the effect of these molecular 
changes are as follows: When a piece of steel is 
heated to a certain point, it continues to absorb heat 
without appreciably rising in temperature altho its 
immediate surroundings may be hotter than the 
steel. This is the “decalescence point.” Similarly, 
steel cooling slowly from a high heat, will at a cer¬ 
tain temperature actually increase in temperature, 
altho its surroundings may be colder. This takes 
place at the “recalescence point.”* The recalescence 
point is lower than the decalescence point by any¬ 
where from 95 to 200 degrees Fahrenheit, and the 
lower of these two points does not manifest itself 
unless the higher one has first been fully passed. 
These critical points have a direct relation to the 
hardening of steel. Unless a temperature sufficient 
to reach the decalescence point is obtained, so that 
the pearlite carbon is changed into a hardening 
carbon, no hardening action takes place; and un¬ 
less the steel is cooled suddenly before it reaches 
the recalescence point, thus preventing the change 
back again from hardening to pearlite carbon, no 
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hardening can take place. The critical points vary 
for different kinds of steel and must be determined 
by tests in each case. It is the variation in the 
critical points that makes it necessary to heat dif¬ 
ferent steels to different temperatures when hard¬ 
ening. 

Determining Hardening Temperatures — The 

temperatures at which decalescence occurs vary 
with the amount of carbon in the steel, and are 
also higher for high-speed steel than for ordinary 
crucible steel. The decalescence point of any steel 
marks the correct hardening temperature, and the 
steel should be removed from the source of heat 
as soon as it has been heated uniformly to this 
temperature. Heating the piece slightly above this 
point may be desirable, either to insure the com¬ 
pleteness of the structural change throughout, or to 
allow for any slight loss of heat which may occur 
in transferring the work from the furnace to the 
quenching bath. When the steel is heated above 
the temperature of decalescence it is non-magnetic. 
If steel is heated to a bright red it will have no at¬ 
traction for a magnet or magnetic needle, but at 
about a “cherry-red” it regains its magnetic prop¬ 
erty. This phenomenon is sometimes taken ad¬ 
vantage of for determining the correct hardening 
temperature, and the use of a magnet is to be rec¬ 
ommended if a pyrometer is not available. The 
only point requiring judgment is the length of time 
the steel should remain in the furnace after it has 
become non-magnetic, as the time varies with the 
size of the piece. When applying the magnetic 
needle test, be sure that the needle is not being 
attracted by the tongs. 

The correct hardening temperature for any car¬ 
bon steel can be determined accurately by the use 
of a pyrometer. This form of apparatus, often 
used for testing specimens of steel, consists of a 
small electric furnace in which to heat the speci¬ 
mens, and a special thermo-cuple pyrometer for in¬ 
dicating the range of temperature through which 
the steel passes. The pyrometer consists of a ther¬ 
mo-cuple, connecting leads, and an indicating me¬ 
ter. The thermo-cuple is a small wire which re¬ 
sponds readily to any slight temperature varia¬ 
tions. When testing a piece of steel with this in¬ 
strument the temperature indicated by the meter 
rises uniformly until the decalescence point is 
reached. At this temperature, the indicating 
pointer of the meter remains stationary. The added 
heat is consumed by internal changes. When these 
changes are completed, the temperature again 
rises; the length of the elapsed period depends 
upon the speed of heating. The temperature at 
which this pause in the motion occurs should be 


carefully noted. To obtain the lower critical point, 
the temperature is first raised about 100 degrees 
Fahrenheit above the decalescence point; the steel 
is then removed from the furnace and allowed to 
cool. The decrease of temperature is immediately 
shown by the fall of the meter pointer, and at a 
temperature somewhat below the decalescence point 
there is again a noticeable lag in the movement 
of the pointers. The temperature at which the 
movement ceases entirely is the recalescence point. 
Immediately following, there may occur a slight 
rising movement of the pointer. 

During these intervals of temperature lag, both 
during heating and cooling, there may occur a small 
fluctuation in temperature, hence a definite point 
in each of these intervals should be considered when 
a test is made, both critical temperatures being 
taken at the time the points first become station¬ 
ary. 

While it is possible to harden steel within a tem¬ 
perature range of about 200 degrees and obtain 
what might seem to be good results, the best rc-, 
suits are obtained within a very narrow range of 
temperatures close to the dccalcsccnce point. The 
hardening temperature for both low tungsten and 
carbon steel can be located with accuracy, and the 
complete changes from soft to hard occur within 
about a range of 10 degrees Fahrenheit or less. 
After the temperature has been increased more than 
35 to 55 degrees Fahrenheit above the hardening 
point, the hardness of the steel is lessened by a 
higher temperature, providing the heating is suf¬ 
ficiently prolonged for the steel to be thoroughly 
heated. 

Hardening Baths — When the steel heated 
above the critical point is plunged into a cooling 
bath, the rapidity with which the heat is absorbed 
by the bath affects the degree of hardness; there¬ 
fore baths of various kinds are used for different 
classes of work. Clear cold water is commonly 
employed, and brine is sometimes substituted to 
increase the degree of hardness. This is very neces¬ 
sary for draw punches used in cartridge manufac¬ 
turing. Sperm and lard oil baths, with sulfur and 
resin added, are used for hardening springs. Raw 
linseed oil is excellent for cutters, reamers, and 
other small tools. The effect of a bath for steel 
depends upon its composition, temperature, and 
volume. The bath should be amply large to dissi¬ 
pate the heat rapidly, and the temperature should 
be kept constant, so that successive pieces will be 
cooled at the same rate. Greater hardness is ob¬ 
tained from quenching in salt brine and less in oil 
than is obtained in water. This is due to the dif¬ 
ference in heat-dissipating qualities of these sub- 
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stances. When water is used, it should be “soft/’ 
as unsatisfactory results will be obtained with 
“hard” water. If thin pieces are plunged in brine 
there is always danger of cracking, owing to the 
suddenness of cooling. 

The temperature of the hardening bath has a 
great deal to do with the hardness obtained. In 
certain experiments a bar quenched at 41 degrees 
Fahrenheit showed a scleroscopic hardness of 101. 
A piece from the same bar quenched at 75 degrees 
had a hardness of 96, while, when the temperature 
of the water was raised to 124 degrees, Fahren¬ 
heit, the bar was decidedly soft, having a hardness 
of only 83. We found at the arsenal that a temper¬ 
ature between 80 and 110 degrees Fahrenheit was 
about right for some steels. The higher the tem¬ 
perature of the quenching water, the more nearly 
does its effect approach that of oil; and if boiling 
water is used for quenching, it will have an effect 
even more gentle than that of oil; in fact, it will 
leave the steel nearly tempered. With oil baths, 
the temperature changes have little effect upon 
the degree of hardness. Parts of irregular shapes 
are sometimes quenched in a water bath that has 
been warmed somewhat to prevent sudden cooling 
and cracking. A water bath having one or two 
inches of oil on top is sometimes employed to ad¬ 
vantage for tools made of high-carbon steel, as the 
oil through which the work first passes reduces the 
sudden action of the water. 

Irregularly shaped parts should be immersed so 
that the heaviest or thickest section enters the bath 
first. After immersion, the part to be hardened 
should be agitated in the bath; the agitation re¬ 
duces the tendency of the formation of a vapor 
coating on certain surfaces, and a more uniform rate 
of cooling is obtained. The work should never be 
dropped to the bottom of the bath until quite cool. 
High-speed steel is cooled for hardening either by 
means of an air blast or an oil bath. Both fresh 
and salt water are also used, altho as a general 
rule water should not be used for high-speed steel. 
Various oils, such as cottonseed, linseed, lard, 
sperm, kerosene, etc., are also employed. Many 
prefer cottonseed oil. Linseed oil has the objection 
of becoming gummy, and lard oil has a tendency 
to become rancid. Whale oil or fish oil gives satis¬ 
factory results, but both have offensive odors; this 
defect can be overcome by an addition of about 
3 per cent heavy “tempering” oil. Steel should 
never be removed from the bath when once im¬ 
mersed, until perfectly cool. 

A quenching solution of 3 per cent sulfuric 
acid and 97 per cent water will make hardened 
carbon steel tools come out of the quenching bath 
bright and clean. This bath is sometimes used for 


drills and reamers which are not to be polished 
in the flutes after hardening. Another method of 
cleaning drills and similar tools after they are 
hardened is to pickle them in a solution of one part 
hydrochloric acid and nine parts water. Still an¬ 
other method is to use a heating bath consisting of 
two parts barium chlorid and three parts potas¬ 
sium chlorid. This method is satisfactory for 
reamers and tools which arc not to be polished in 
the flutes after hardening. 

Kinds oi Quenching Baths 

(!) Water (soil), preferably distilled; good carbon tool 
sreels should require no mixture added to pure water. 

(2) Salt added to water (brine). This quenching fluid 
will produce a harder scale than will pure water. 

(3) Sea (salt) water—the keenest natural water for 
hardening. 

(4) Pure soft water containing soap. 

(5) Sweet milk. 

(6) Mercury. 

(7) Carhonate of lime. 

(8) Wax. 

(P) Tallow. 

(10) Air—mostly used for high-speed steel. Mere ex¬ 
posure. however, is in many cases, and for many steels, 
not sufficient to produce hardness, and an air blast is nec¬ 
essary, as this furnishes cool air in rapid motion. 

(11) Oils such as cottonseed, linseed, whale, fish, lard, 
lard and paraffin mixed, special quenchinp oils, etc. A 
small quantity of sal ammoniac added to the oil hath has 
a tendency to make the tools come out clean from the 
bath. Linseed and cottonseed oils are especially used for 
high-speed steel. 

The order of intensity with which various cool¬ 
ing baths will harden steel of about 0.90 to 01.00 
per cent carbon is: mercury, carbonate of lime, 
pure water, water containing soap, sweet milk, dif¬ 
ferent kinds of oils, tallow, and wax. In all cases 
—except possibly the oils, tallow, and wax—it 
must be remembered that the tools become harder 
as the temperature of the bath becomes lower. 

Tank Used for Quenching — The main point 
to be considered in a quenching bath is to keep it 
at a uniform temperature so that successive pieces 
quenched will be subjected to the same heat. The 
next consideration is to keep the bath agitated so 
that it will not be of different temperatures in 
different places. Experience has proved that if a 
piece is held still in a thoroughly agitated bath, 
it wall come out much straighter than if it has been 
moved around in an unagitated bath. This is an 
important consideration, especially when harden¬ 
ing long pieces and reamers. It is, besides, no 
easy matter to keep heavy and long pieces in mo¬ 
tion unless it is done by mechanical means. Nearly 
all tools which the gunmaker requires are of small 
size: he must construct quenching baths which will 
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suit his general purpose. Oil for springs requires 
a special oil mixture, water, etc. Even tho tanks 
are small, provision must be made for suitable 
covers and convenient locations for them. 

Hardening High-speed Steel — High-speed 
steel must be heated to a much higher temperature 
for hardening than carbon steel. A number of tools 
which the gunsmith uses today are made from this 
class of steel; in fact, all barrel tools arc made 
from it. A temperature of from 1350 to 1550 
degrees Fahrenheit is sufficient for carbon steel. 
High-speed steel requires from 1800 to 2200 de¬ 
grees Fahrenheit. The usual method of hardening 
a high-speed steel tool, such as a lathe turning 
tool or forming tool, is to heat the cutting end 
slowly to a temperature of about 1800 degrees 
Fahrenheit, and then more rapidly to about 2200 
degrees, or until the end is at a dazzling white 
heat and shows signs of melting. The tool point 
is then cooled, either by plunging it in a bath of 
oil (linseed or cottunseed) or by placing the end 
in a blast of dry air. When an oil quenching bath 
is used, its temperature is varied from the room 
temperature to 350 degrees Fahrenheit, according 
to the steel used. The exact treatment varies for 
different steels, and it is advisable to follow the 
directions given by the steel manufacturers. For¬ 
merly the air blast was recommended, but oil is 
now extensively used. It is very important to 
quench the heated steel rapidly after removing 
from the source of heat. 

The barium-chlorid bath is used quite exten¬ 
sively by most arms manufacturers and gunmakers. 
I have found thpt this is the only bath to make 
the small high-speed barrel tools come out clean 
and hard. The barium chlorid forms a thin coat¬ 
ing on the steel, which is thus protected from 
oxidization while being transferred from the heat¬ 
ing bath to the cooling bath of oil. Tests have 
demonstrated, however, that barium-chlorid baths 
have certain disadvantages for heating high-speed 
steel preparatory to hardening, because if the steel 
is heated to the required temperature, the surface 
of the tool is softened to some extent. Nevertheless, 
whatever experiences have resulted in this respect, 
I have found it to be the only successful method 
to use on small high-speed tools. 

The method which I use to secure these satis¬ 
factory results in hardening high-speed tools such 
as drills, reamers, cutters, counterbores, etc., have 
been obtained as follows: Coat the tools well with 
bone-black mixed in raw linseed oil and preheat 
in an oven type of gas furnace from 1550 to 1700 
degrees Fahrenheit. Then transfer the steel to the 
barium-chlorid bath heated to about 1800 degrees. 


Gradually bring the temperature up to 2200 de¬ 
grees, and allow the tools to remain at that tem¬ 
perature for five minutes. Remove swiftly and 
immerse directly in the oil bath. Such tools, after 
becoming cold, are then heated in an oil bath 
between 350 and 400 degrees Fahrenheit, to relieve 
all strain, and are then dipped into a caustic-soda 
bath to remove any oil which may adhere to the 
tools, and then into hot water. This method should 
be applied to all tools after being tempered. 

Local Hardening — One method of hardening 
locally is to cover the part that is to remain soft 
with a thin metal shield, so that it prevents the 
surface from being suddenly cooled by direct action 
of the cooling medium. (This method is often 
applied to shotgun parts.) The steam or vapor 
which forms beneath the cover prevents the cool¬ 
ing medium from entering until the work has cooled 
sufficiently to prevent hardening; therefore, a 
rather loose-fitting shield is desirable. The shield 
should he made of sheet-irou or steel of about 
No. 29 gauge (0.014) for ordinary work. It is 
composed of one or more pieces, depending upon 
the shape of the part, and when several pieces are 
required they can be bound together with wires. 
Of course, the surfaces to be hardened are left 
exposed. The heating should be done in a furnace 
or open-forge fire. A lead bath should not be used 
because the hot lead beneath the shield will cause 
an explosion when the part is cooled. The quench¬ 
ing bath may be the same as when the shield is 
not used. 

Local hardening is also effected by the appli¬ 
cation of a compound called “enamelite” to the 
parts which are to remain soft—an application of 
Formula 27 in Chapter XVI. This compound for 
tool steel comes in the form of a powder which is 
mixed with hot water to form a paste. It has the 
property of clinging to the steel and liberating 
hydrogen (the greatest known non-conductor) 
when heated steel is plunged in water. This causes 
the steel to retain its heat long enough to escape 
the chill, and remains soft where the enamelite has 
been applied. A coating of the coppering solution 
applied to the piece will also cause a spot of local 
hardening. 

Hardening Defects — Uneven heating is the 
cause of most of the defects in hardening. Cracks 
from the corners or edges of the tool indicate such 
uneven heating. Cracks of a vertical nature and 
dark-colored fissures indicate that the steel has 
been burned and should be scraped. Tools which 
have hard and soft places have been either un¬ 
evenly heated, unevenly cooled, or “soaked”—a term 
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used to indicate prolonged heating. A tool not 
thoroughly moved about in the hardening fluid 
will show hard and soft places, and have a ten¬ 
dency to crack. Tools which are hardened by 
simply dropping them to the bottom of the tank 
sometimes have soft places, owing to contact with 
the floor or sides of the tank. They should be 
thoroughly quenched before dropping them com¬ 
pletely. When a tool appears soft and will not 
harden, it probably has been decarbonized on the 
surface by too much heat or by soaking too long. 
The surface must be removed before the tool will 
harden properly. Tools are sometimes soft be¬ 
cause the cooling bath is not large enough and 
becomes too warm after a few pieces have been 
hardened. 

* 

Overheated Steel — Overheated steel that is 
not actually burned can be partly restored by heat¬ 
ing to the proper heat and allowing it to cool 
slowly in hot ashes or sand. When cold, the steel 
is hardened again at the proper heat throughout. 
If the overheating originally took place in forging, 
the risk of cracking in hardening will be lessened 
by adopting the process mentioned. Care should 
be taken that the tyer of the forge is well covered 
when heating tool steel; a tool coming in direct 
contact with the air blast will become surface- 
burned, show soft places in hardening, and wear 
badly in use. 

Scale on Hardened Steel — To prevent scale, 
care must be taken to keep the heated steel from 
being exposed to the direct action of the air. When 
using an oven-heating furnace, the flames should 
be so regulated that they are not visible in the 
heated chamber. The heated steel should be ex¬ 
posed to the air as little as possible when trans¬ 
ferring it from the furnace to the quenching bath. 
An old method which we used lor preventing the 
scale and retaining a fine finish on tools in the 
manufacturing division at the arsenal was to paint 
the work with bone-black mixed in sperm oil. I 
have always used this and always obtain fine re¬ 
sults on tools. Another method which is used by 
jewelry manufacturers for small dies, taps, etc., is 
to fill the die impression with powdered boracic 
acid, and place near the fire until the add melts. 
A little more acid is added to insure covering all 
the surfaces. The die is then hardened in the usual 
way. 

If the boracic acid is not removed in the 
quenching bath, immerse the work in boiling water. 
Dies hardened with this method arc said to be as 
durable as those heated without the acid. The 
advantage of using bone-black is that as soon as 


the steel is immersed in the bath, the bone-black 
disappears. 

Tempering by the Color Method — Hardened 
steel can be tempered or made softer and less brit¬ 
tle by reheating it to certain temperatures (depend¬ 
ing upon the nature of the steel and its intended 
use) and then cooling. When steel is tempered by 
the color method, the temper is gauged by the 
colors formed on the surface as the heat increases. 
First, the surface is brightened to read the color 
changes, and then the steel is heated either by 
placing it upon a piece of red-hot metal or gas- 
heated plate, or in any other available way. As 
the temper increases, various colors appear on the 
brightened surface. First there is a faint yellow 
which blends into a straw, then light brown, dark 
brown, purple, blue and dark blue, with various 
intermediate shades. The temperatures corre¬ 
sponding to the different shades are given in tables 
on temperatures and colors for tempering. (Fig¬ 
ure 47.) Lathe and milling-machine tools, chisels, 
etc., are commonly tempered by first heating the 
cutting end to a cherry red, and then quenching the 
part to be hardened. 

When the tool is removed from the bath, the 
heat remains in the unquenched end until the 
desired color (which will show on the brightened 
surface) is obtained, after which the entire tool is 
quenched. The foregoing methods arc convenient, 
especially w-hen only a few tools arc to be treated; 
but the color method of gauging temperatures is 
not dependable, as the color varies with the com¬ 
position of the metal. 

The modern method of tempering, especially in 
quantity, is to heat the hardened parts to the re¬ 
quired temperature in a bath of heated oil; the 
parts are then removed from the bath and 
quenched. The bath method makes it possible to 
heat the work uniformly, and to a given temper¬ 
ature within close limits. 

Tempering in Oil — Oil baths are extensively 
used for tempering tools, the work being immersed 
in oil heated to the required temperature as indi¬ 
cated by a thermometer. It is important that the 
oil have a uniform temperature throughout and 
that the work be immersed long enough to acquire 
this temperature. Cold steel should not be plunged 
into a bath heated for tempering, owing to the 
danger of cracking it. The steel should either be 
preheated to about 300 degrees Fahrenheit before 
placing in the bath, or the latter should be heated 
to the required degree. A temperature of from 
650 to 750 degrees Fahrenheit can be obtained 
with a potassium nitrate bath. 
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Tempering Furnaces — In tempering furnaces, 
the only really important consideration is to make 
sure that the furnace is so built as to heat the 
bath uniformly throughout. It is never safe, how¬ 
ever, to let any tools being tempered rest against 
the bottom or sides of the tank, as no matter how 
scientifically the furnace may be built, these parts 
are in most cases hotter than the fluid itself. It is, 
of course, just as important to keep the thermom¬ 
eter from resting against any of these parts, in 
order to insure correct readings. After the pieces 
tempered are taken out of the oil bath, they should 
immediately be dipped in a tank of caustic soda 
(not registering over 8 or 9) and after that in a 
tank of hot water. This will remove all oil which 
might adhere to the tools. 

Case-hardening—Case-hardening is the process 
of hardening the surface of low-carbun steel or iron 
by carbonizing the surface. When parts must be 
case-hardened in quantity, they should be packed 
in an iron box containing some carbonaceous ma¬ 
terial. The box and its contents are then heated 
for a certain length of time, depending upon the 
degree of hardened surface desired and the nature 
of the material. The heat for case-hardening varies 
from 1550 to 1700 degrees Fahrenheit, the temper¬ 
ature being governed to some extent by the require¬ 
ments. The absorption of carbon begins when the 
steel reaches about 1300 degrees. At the end of 
the carbonizing period, the box is withdrawn from 
the furnace and is allowed to become quite cold. 
The box and the articles are then placed in a 
muffle furnace and reheated to about 1450 degrees 
Fahrenheit after which they are quenched in cold 
water, tepid water, or oil, the bath depending upon 
the purpose for which the parts are to be used. 
For ordinary purposes, clear cold water is satis¬ 
factory. To produce a very hard surface, use salt 
water. When a hard surface is not important, as 
in the case of a tough core, use an oil bath. The 
practise of allowing the box and its contents to 
cool and then reheating prior to quenching is based 
on the old rule of hardening on a rising heat. This 
method gives more satisfactory results than that 
of plunging the parts into a tank of cold water at 
the end of the carbonizing period. 

Carbonizing Materials — The carbonizing ma¬ 
terials in general are charred leather, powdered 
bone, cyanid of potassium, wood and “animal” 
charcoal, prussiate of potash, and other composi¬ 
tions consisting of mixtures of carbonaceous mat¬ 
ter and certain cyanids of nitrates. For slight 
hardening, cyanids are often used. Charred leather 
gives good results, altho poorly charred leather or 


that made from old boots, shoes, belting, etc., 
should not be used. A mixture preferred by some 
to charred leather consists of 60 parts wood char¬ 
coal and 40 parts barium carbonate. There are 
some excellent carbonizing materials made by the 
R. H. Houghton Company of Philadelphia, Penn¬ 
sylvania. 

Steel for Case-hardening — The percentage of 
carbon in steels ordinarily used for parts to be 
case-hardened varies, as a general rule, from 0.15 
to 0.20 per cent. If the carbon exceeds 0.20 per 
cent, it tends to give a hard instead of a soft core. 
If the carbon content is too low, the steel may be 
difficult to machine; therefore, steels containing as 
much as 0.20 to 0.25 per cent carbon are often 
used for case-hardening. For general work, steel 
of the following composition will be found satis¬ 
factory: carbon, 0.16 to 0.20 per cent; manganese, 
less than 0.35 per cent; silicon, not over 0.30 per 
cent. The sulfur and phosphorus should be as low 
as possible, not exceeding 0.10 per cent. v 

Degree and Depth of Hardened Surface — 

The percentage of carbon contained in the case- 
hardened surface should vary according to require¬ 
ments. A high-carbon case contains 1.10 per cent 
carbon, giving a very hard wearing surface suit¬ 
able for work that must withstand a fairly constant 
pressure such as shafts running in bearings; but 
for parts which must withstand repeated shocks, 
such as actions, this amount of carbon would ren¬ 
der them too brittle; in such cases it is advisable 
not to exceed 0.90 to 1 per cent carbon. For most 
purposes, 0.90 per cent carbon is preferable. Vari¬ 
ous experiments indicate that the percentage of 
carbon in the hardened crust varies with the depth 
of the latter; the deeper the penetration, the higher 
the contents. Crusts about 0.050 inch deep usually 
have from 0.85 to 0.90 per cent carbon on the 
surface. In many instances a penetration of 0.040 
inch is sufficient, but if the work is to be ground 
after case-hardening, it is advisable to carbonize to 
a depth of about % inch. Too deep a carbonized 
case makes the work more brittle, partly because 
of the prolonged exposure to a high temperature 
and partly on account of the increase in the hard¬ 
ened section and the decrease in the softer and 
more ductile core; hence, parts to withstand bend¬ 
ing stresses, like gear teeth, should not be carbon¬ 
ized too deeply. Further, penetration of the car¬ 
bon increases with the temperature and with the 
time of exposure, but not in direct proportion to 
these two factors. Carbonization takes place rap¬ 
idly until the crust is saturated with carbon, when 
there is a sudden diminution in the rate of carbon- 
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ization, which varies according to the temperature. 

Case-hardening tor Colors — For hardening 
and at the same time coloring such parts as single¬ 
shot actions, shotgun actions, guards, butt plates, 
etc., the following mixture may be used: 10 parts 
of charred bone, 6 parts of wood charcoal, 4 parts 
of charred leather, and 1 part of powdered cyanid. 
The leather should be black, crisp, and well pul¬ 
verized, and the four ingredients well mixed. The 
object in charring the bone and leather is to re¬ 
move all grease. The parts to be colored must be 
well polished and should not be handled with 
greasy hands. If the colors obtained are too gaudy, 
the cyanid may be omitted; and if there is still 
too much color, leave out the charcoal. The parts 
to be colored and hardened should be packed in a 
piece of common gas pipe having a closed end. 
Pipe is preferable because the pieces can be 
dumped into the cooling water with little or no 
exposure to the air. The opened end of the pipe 
can be placed close to the surface of the water 
before the parts arc removed, but with a box there 
would be more or less exposure. This class of work 
should be heated to a dark cherry-red and kept at 
that temperature for three hours or longer. If the 
temperature is too high, no colors will appear. The 
tank should be arranged with a compressed air pipe 
connected with the water pipe at the bottom in 
such a way that a jet of air is forced upward, thus 
filling the tank with bubbles. There should also 
be a sieve or basket in the tank for receiving the 
work. After quenching, place the parts in boiling 
water for five minutes, and then bury them in dry 
sawdust fur half an hour. Another mixture rec¬ 
ommended for coloring consists of 10 parts granu¬ 
lated bone, 2 parts bone-black, and 1 part granu¬ 
lated charred leather. 

To Clean Work After Case-hardening — To 

clean work, especially if knurled, where dirt is 
likely to cling in the crevices after case-hardening, 
wash it in caustic soda (1 part soda to 10 parts 
water). In making this solution, the soda should 
be put into the hot water gradually, and the mix¬ 
ture stirred until the soda is thoroughly dissolved. 
A still more effective method of cleaning is to dip 
the work in a mixture of 1 part sulfuric acid and 
2 parts water. Leave the pieces in this mixture 
about three minutes; then wash them off immedi¬ 
ately in a soda solution. 

Pack-hardening — Pack-hardening, as the term 
is generally understood, consists in treating steel 
(generally tool steel) with some carbonaceous ma¬ 
terial and quenching it in oil. The terms "pack¬ 


hardening” and ‘‘case-hardening” are often used 
interchangeably, the two processes being similar. 
The surface of the steel is supplied with additional 
carbon by the use of some carbonaceous material 
that will not be injurious. To do this, the 
steel is packed in scaled in iron boxes with the 
carbonizing material. Bone should never be used 
for pack-hardening tool steel, as it contains a high 
percentage of phosphorus which tends to make the 
steel weak and brittle. For steel that is to contain 
not more than 1.25 per cent carbon, charred leather 
is recommended. For obtaining a higher carbon 
content, use charred hoofs or horns, or a mixture 
of the two. The leather, hoofs or horns can be 
used repeatedly by adding a quantity of new ma¬ 
terial each time. A mixture of charred leather and 
charcoal is used for pack-hardening. The work 
should be so packed that it does not come in con¬ 
tact with the box. First, place a layer of carbon¬ 
izing material in the bottom and then a layer of 
the work, no two pieces touching each other. When 
treating gauges or parts that are likely to spring, 
they should be so packed that there will be little 
liability of springing when they are drawn up 
through the packing material. The parts should 
not be plunged into the quenching bath, as it is 
better to handle the pieces separately. It is a good 
plan to attach a piece of iron wire to each part to 
facilitate the removal from the box. If there are 
several layers of work, the wires should be so ar¬ 
ranged that the various layers can be taken out in 
the proper order, beginning with the top row. The 
temperature for pack-hardening should be as low 
as is consistent with the desired results, and should 
be uniform throughout the box. To gauge the 
heat, holes may be drilled through the cover at 
the center so that test wires (say % c inch diameter) 
can extend to the bottom of the box. When the 
latter has been in the fire long enough to heat the 
contents to about a dull red (as near as can be 
judged) a wire is withdrawn; if it is red hot, begin 
timing the heat; if not, wait and draw another 
later, the test being continued until one is with¬ 
drawn that has the desired heal. The length of 
time necessary for heating depends upon the depth 
of hardening surface desired. For ordinary gauges, 
from one and one-half to two hours after the steel 
is red-hot is sufficient. Ordinary work requires a 
temperature of about 1425 degrees Fahrenheit. 
Pack-hardening minimizes the danger of cracking 
and warping. 

Case-hardening Alloy Steels—When nickel 
steels are heat-treated by case-hardening, nickel 
seems to retard the process somewhat and reduce 
the hardness of the "case” in ordinary carbon 
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steels; on the other hand, nickel tends to oppose 
the crystallization of the steel at high temperatures 
and to eliminate the consequent brittleness. The 
steel should first be quenched from a temperature 
of 1750 degrees Fahrenheit. It is then given a 
second heating to 1375 degrees and is again 
quenched. After cooling to about 1275 degrees, a 
single quenching from 1275 degrees gives the 
greatest hardness in the case, but not the greatest 
tenacity in the core. Quenching from 1375 degrees 
Fahrenheit gives a somewhat higher tenacity, but 
a slightly lower hardness in the case. A 6 per cent 
nickel steel should be quenched first from 1550 
degrees, and after reheating, from 1450 degrees. 
Since this high nickel percentage almost completely 
prevents the brittleness of the core, one quenching 
from about 1300 degrees Fahrenheit is in most 
cases sufficient. Steels with from 1 to 1.2 per cent 
chromium are sometimes used when an especially 
hard case is required. This element aids the crys¬ 
tallization of the core and the double quenching is 
necessary. Chrome nickel steels with a low chro¬ 
mium content require about the same heat-treat¬ 
ment as pure nickel steels. A mixture of 60 parts 
wood charcoal and 40 parts barium carbonate is 
recommended for carbonizing. 

Different Methods of Hardness Testing — 

There are four typical methods for testing the 
hardness of metals. These are the sclerometer 
method introduced by Turner; the scleroscope 
method invented by Shore; the indentation test 
adopted by Brinnell, and the drill test introduced 
by Krupp. 

The Shore scleroscope: in this instrument a 
small cylinder of steel with a hardened point is 
allowed to fall upon the smooth surface of the 
metal to be tested, and the height of the rebound 
of the hammer is taken as the measurement of 
hardness. The hammer weighs about 40 grains, 
the height of the rebound of hardened steel is at 
the point of 100 on the scale, or about 6% inches, 
while the total fall is about 10 inches, or 254 milli¬ 
meters. This instrument is one of the most simple 
to use, and very accurate results are obtained. We 


had both the Shore and Brinnell instruments at 
the arsenal, but the Shore scleroscope was the one 
mostly used. Of course, where strength of mate¬ 
rials is to be considered, the Brinnell instrument 
is used constantly. 

This chapter is submitted as a help to stu¬ 
dents, but they should inform themselves more 
fully in regard to the underlying principles as well 
as the methods employed in the heat-treatment of 
steels. Every chemical reaction has a time factor. 
In the slow cooling or heating of steels the reaction 
takes place at the critical temperatures, and the 
products of the reactions are in a state of stable 
equilibrium. If this time factor he disturbed, the 
state of equilibrium is also disturbed. If the rate 
of cooling is rapid enough, the reactions which 
ordinarily take place on slow cooling are suppressed 
and the metal is maintained in the condition in 
which it existed at the temperatures from which 
the cooling began. I could continue to fill page 
after page of such valuable information, but you 
would only be burdened with information that 
would still be incomplete, for steels are a scientific 
study; a careful reading of the following books is 
recommended: Iron , Steel, and Other Alloys, by 
Howe; Metallography , by Desch; Microscopic 
Analysis of Metals , by Osmon and Stead; Metal¬ 
lography of Iron and Steel, by Sauveur. 

In conclusion it may be stated that there is a 
tendency to overrate the heat-treatment of steels. 
These pages contain valuable information for 
actual practise, and most of these results were 
taken from our heat-treating department in the 
Small Amis Division at the Frankford Arsenal. It 
will be well to secure microscopic photographs of 
steel which will enable you to judge steel and its 
composition and defects. Also one must under¬ 
stand what a large amount of special equipment 
it requires to undertake the heat-treatment of 
actions such as the Springfield model 1903, Enfield 
model 1917, Krag model 1898, or Mauser action; 
but before attempting any such work, train your¬ 
self and secure the necessary experience; for with¬ 
out this special training and equipment you are 
only courting a considerable amount of disaster. 
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Rifle Barrel Design and Fitting 


P ROPER tools and a fair understanding of 
mechanics are the first essentials in the construc¬ 
tion of a rifle barrel. Altho it is possible for any 
skilled and ingenious person to follow these in¬ 
structions and make a barrel, there are a certain 
number of machine tools required to make a rifle 
barrel for our modern high-velocity cartridges. 
Some will say that it is impossible to make any 
kind of a barrel without complete, if not elaborate, 
equipment. Nothing is impossible if determination 
dominates. This has been demonstrated time and 
time again throughout the history of mankind, but 
the following instance applies best to our subject. 

Some years ago I corresponded with a man who 
had spent eighteen years of his life wandering in 
the isolated districts of Alaska. During the course 
of our correspondence he told me of an interesting 
discovery. Deep in the interior of the country, 
over two hundred miles from civilization, he met 
one of the most ingenious men with whom he had 
ever come in contact. This man had set up a work¬ 
shop to carry out his own ideas, using wood for 
almost everything except the steel tools that were 
required, such as reamers, etc.; his turning lathe, 
reaming machine, and rifling machine were made 
from hard wood obtained from the surrounding 
forests. In this workshop he made two single-shot 
rifles, constructing the barrels and the action from 
his home-made and extremely crude equipment. 
The steel blanks for the barrels and steel for the 
actions were procured from the States. The action 
was filed out mostly by hand, and the making of a 
rilling head and chambering reamers alone required 
a genius, for these tools are difficult for even spe¬ 
cialized tool makers. When asked why he did not 
secure a Springfield rifle, which was easily available 
to him, he explained that he was under the impres¬ 
sion that Springfield rifles were unsafe; thus he 
made these up himself, knowing them to be safe 
and to his liking. Then he tried them out, and 
found that at a distance of one hundred yards they 
shot as well as any Springfield. 

If a man with only the most primitive means can 
accomplish so difficult a feat as building a firearm, 
certainly we who have the most modern and efficient 
supplies at our very finger-tips, so to speak, should 
become expert in using our hands to carry out orig¬ 


inal ideas where it is impossible to have these per¬ 
formed as one desires. We all dream sometimes of 
realizing some definite ambition, but are without 
means or perhaps inclination to secure the knowl¬ 
edge necessary. This knowledge is sometimes 
acquired through books, and again through watch¬ 
ing an expert. All things can be accomplished if 
you have the patience to develop the skill that is 
a prerequisite in this work. Always remember that 
it requires hours of hard work to become ex¬ 
perienced. The mistakes we make should only be 
of further value to us. 

In the design of modern barrels, the purpose for 
which they are to be used governs their construc¬ 
tion. For game, a barrel must be made as light as 
possible, considering, of course, the limits of its 
safety In a hunting rifle, therefore, the barrel 
should be light, for this is where most of the weight 
is confined. We have two types of actions to con¬ 
sider when giving a finished arm the correct bal¬ 
ance. On bolt-action rifles, the barrels can be made 
much shorter for balance, but in a single-shot arm 
we must apply length in order to match the differ¬ 
ence in action length. A serious factor is presented 
in barrel design, particularly to those who have 
never applied any forethought to the subject. As 
an illustration, look at the number of shooters who 
are procuring .22-calibcr M-l barrels and fitting 
these to single-shot actions; the balance is out of all 
proportion for the action. For single-shot actions, 
the length of barrel should be between 26 and 30 
inches; in a bolt action, 24 inches is sufficient. 

Target-rifle barrels have been the theme of end¬ 
less discussions, and no one knows to this day what 
the correct weight should be. A number of limita¬ 
tions are arbitrarily imposed just because Bill Jones 
can handle a 28-inch 1% straight barrel (he is six 
feet and weighs better than 220 pounds) and pro¬ 
duce fine scores at long ranges; for this reason Tom 
Green orders the same barrel (tho he only weighs 
140 pounds and is five feet seven inches tall). 
Long-range rifle shooting is the most difficult; it 
requires finer training, wider knowledge, and better 
physique; therefore, heavy barrels must be con¬ 
structed according to the build of the individual; if 
one person is successful in using the heaviest barrel, 
other men may be defeated because of its weight. 
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True, weight, is needed for steady holding; and it 
will minimize movements which flinch or jerk the 
trigger and prevent small muscular tremors which 
disturb aim so greatly. A target barrel should be 
designed rather muzzle-heavy, so that, in the act of 
holding and aiming, it has a tendency to swing 
slower in various directions from the target. 

To reduce weight and give the desired balance to 
the modern sporting-rifle barrel, it is made as light 
as possible at muzzle with length between 18 and 
26 inches; the breech or chamber end varies 
slightly, as Figure 50 illustrates. The straight por¬ 
tion is carried forward to a point corresponding to 
the forward shoulder at the chamber. There is 
usually a short sharp taper or a radius at a point 
approximately 1% inches ahead of the chamber, 
therefore insuring much heavier metal over the por¬ 
tion of the barrel containing the chamber; at this 
point is where the peak of the pressure comes. 
From the forward end of this short taper or radius 
there should be a continuous straight taper within 
four inches of the muzzle. This straight portion is 
made fur the intended use of a ramp. 

Barrel Steels — A service Springfield rifle fired 
from the shoulder recoils about Y$ inch before the 
bullet leaves the muzzle, the point of resistance to 
its movement being below the center of gravity, 
which has then already begun to rise. The barrel 
is not, as often supposed, a rigid body incapable of 
bending: just the reverse—it is very sensitive to 
stress. The pressure of a finger will bend it con¬ 
siderably. Like any other metallic rod or tube, a 
rifle barrel vibrates when struck, and owing to its 
proportions it more closely resembles a rod than a 
tube in the manner in which vibrations take place. 
However, it is with its vibrations as a rod rigidly 
fixed at one end that we must be more immediately 
concerned. In such a state there are two types of 
transverse vibrations which can take place; first, 
fundamental vibrations in which the whole length 
of the barrel vibrates as a single unit, there being 
only one point at which the barrel is still-the loca¬ 
tion at which it is fixed or screwed into the action— 
“the breech'’; second, a scries of overtones in which 
the barrel is divided longitudinally into a number 
of vibrating sections, each terminating in a position 
at the nearest end—the chamber. These two types 
of vibrations can, and usually do, coexist. The 
frequency of the fundamental vibrations depends 
on the proportions of the barrel, and that of each 
particular overtone is always in a fixed ratio to that 
of the fundamental. The shock of the explosion 
naturally sets up these vibrations in a forcible man¬ 
ner, and they are affected more or less by the ir¬ 
regularities in the shape of the contour of the 


barrel: also by any external attachments not de¬ 
signed for the purpose intended, or placed in the 
wrong position, and also by the manner in which it 
is stocked. The compounded effects of the funda¬ 
mental vibrations and the overtones at the time 
when the bullet leaves the muzzle on the inclina¬ 
tion of the last few inches of the barrel, in relation 
to the axis of the bore before firing, constitute the 
main contributory factor in the “jump” of the rifle. 

Variations in the vibrations may also arise from 
various other causes. As the bullet passes up the 
barrel, t he gases behind it are exerting pressure in 
all directions upon the chamber and upon the bore; 
the entire bore is, indeed, expanded in a minute 
degree in the rear of the bullet. The bullet fits the 
bore tightly, therefore sealing it, and creating heavy 
friction during its passage. Any variation from one 
shot to another in the amount of this friction will 
affect not only the velocity, but the amount of 
movement imparted to the rifle before the bullet 
has reached the muzzle. Therefore, to have all bul¬ 
lets one size, diamond resizing dies should be em¬ 
ployed so that bullets will come in one given diam¬ 
eter. The actual and relative effect of these influ¬ 
ences will, of course, vary largely under different 
conditions. A heavy barrel is less affected than a 
light one by equal stresses. A heavy charge will 
set up more vibrations and general motion than a 
light one in the same barrel. On the other hand, 
when the velocity is low, the motion will have more 
time to develop before the bullet emerges, and con¬ 
sequently the whole disturbance may be equally 
great, tho less violent and rapid. 

Steel is a variety of iron containing carbon to the 
extent of from 0.1 to 2.0 per cent. Other alloys are 
present in varying proportions, but the carbon is 
the most important substance, and it is to the 
presence of carbon that steel owes its most valuable 
property—that, by certain heal-treatments and 
methods of cooling, it can be brought to any de¬ 
sired state of hardness or softness within very wide 
limits. Steel is placed under various classifications, 
as the property of “hardening” increases up to cer¬ 
tain points with the percentage of carbon con¬ 
tained; therefore a higher-carbon steel is employed 
in the barrel than would be found in a sling swivel 
or butt plate. In the case of the barrel steel em¬ 
ployed, a very rigid tensile-strength test is applied; 
the yielding point must not occur at under 50 tons 
to the square inch, and the test piece must not show 
an extension of less than 20 per cent before fracture. 

Since the high development of steels these past 
few years, two classes of barrel steel should be used 
altogether for rifle barrels, regardless of caliber: 
3Y> per cent nickel steel and stainless or rust-proof 
steel. In the past, in general practise among rifle 
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manufacturers, barrel steels were divided into four 
classes: 

(a) Cold-drawn steel, known as black-powder barrel steel. 

(b) High-carbon steel, sometimes known as “ordnance 
steel.” 

Ill later years the following have been added: 

(a) Alloy steel, known as 3 1 /-.* per cent nickel steel. 

(b) Stainless or rust-proof steel. 

Under these general classifications, gun manu¬ 
facturers have their own specifications as to the 
composition of the alloys, together with their 
physical properties, under which they buy their 
steels from the mills in the form of bars. Chapter 
VI is devoted to all classes of steels, and it would 
be well to refer to this before making a rifle barrel. 

Cold-drawn or Black-powder Steel — This is 
the steel usually used in the manufacture of .22- 
caliber rifle barrels, for the reason that any lead 
bullet only requires a steel of a low carbon content, 
and the ammunition having lead bullets never 
develops any greater breech pressure than 20,000 
or 30,000 pounds per square inch. The tensile 
strength of this steel runs between 45,000 and 65,000 
pounds per square inch; therefore it once answered 
all general purposes of such ammunition. Because 
of the introduction of high-velocity cartridges with 
jacketed bullets, a change was necessary for higher 
carbon contents, greater tensile strength, and elas¬ 
ticity. 

When cold-drawn steel is used for .22 or .25 
rim-fire cartridges having lead bullets exclusively, 
this steel is very satisfactory from the manufactur¬ 
ing point of reasonable-priced rifles; but for finer 
accuracy in target barrels the higher carbon or 
alloy steels should be used. 

High-carbon Steel — Ordnance steel is a mc- 
dium-carbon steel with a high manganese and added 
silicon content; therefore it is being used by a 
number cf manufacturers for high-power rifles. 
This steel is known as No. 1350 under the S. A. E. 
(Society of Automobile Engineers), and to this is 
added 0.25 per cent silicon. A heat treatment 
greatly increases its yielding point and ultimate 
strength. The modern practise of the heat-treat¬ 
ment of steels has become so complex, involving, as 
it does, a very definite knowledge of the thermal 
changes occurring in the metal as it is heated and 
cooled, that it is well to read as much as possible 
on the subject before attempting this work or going 
to the expense of equipment. I believe that it will 
be far better to rely on nickel steel and use it as a 
standard for nearly all rifle barrels. 


Nickel Steel — This steel is best adapted to rifle 
barrels because of its nickel content, regardless of 
whether it is to be used for a high or low velocity 
arm. To secure the finest results from this steel it 
should be given a heat treatment, for when an¬ 
nealed it is slightly better than ordnance steel, and 
is still superior to it in wearing qualities. It is a 
little more difficult to drill and rifle than the ord¬ 
nance steel; accordingly, high-speed drills, reamers, 
and cutters are required- with the exception of 
chambering tools. 

Altho the heat treatment of this steel is in 
principle essentially like that of the plain carbon 
steel, the introduction of the alloying element, 
nickel, necessitates that the treatment be modified 
profoundly to raise the high tensile strength and 
give it greater elasticity. If this is done, it will 
never change even tho it becomes heated after a 
number of shots are fired, a common defect in high- 
carbon or nickel steel that has not been heat- 
treated. 

In general, with the addition of the special ele¬ 
ment, nickel, the treatment may be modified in the 
following way: by the lowering of the critical 
ranges or transformation temperatures, which are, 
in plain carbon steels, stable only at high tempera¬ 
tures. Nickel is one illustration of this behavior. 

The structural condition in which the special 
element exists determ 5 nes largely the proportion of 
the steel and to a large extent the heat treatment 
necessary to develop the required proportion; that 
is, whether the added element enters into the fer¬ 
rite constituent, nickel, or into a combination with 
the carbon, as with chromium in the latter. The 
special clement increases the mineral hardness of 
the steel without increasing the brittleness to such 
a degree as an addition of two or more special ele¬ 
ments will. The advantages of each may be re¬ 
tained and the disadvantages largely neutralized, as 
in chrome-nickel steels, which as a type probably 
represent the best all-around alloy steel in commer¬ 
cial use for barrel making. 

I conducted exclusive tests with these two steels 
in rifle barrels and found that the nickel steel with 
a percentage of chromium and vanadium gives the 
steel sufficient tensile strength and elasticity limits 
so that it can be turned on a lathe from the 1 :, / U \- 
inch bar down to 0.56 inch on a taper to the 
muzzle, at high speed, the length of the barrel being 
34 inches. By using a high speed and a coarse 
feed, the entire tube was turned upon this taper 
and only showed about 0.003 inch out on the in¬ 
side after it was completed and allowed to cool. 
Such steel is known as “AAA” and is made by the 
Ford Motor Company. 

In these tests it was necessary for the steel to be 
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“normalized,” which may be considered under the 
head of annealing. It consists of heating the steel 
above the critical range after the drill has been 
passed through and a roughing cut taken over the 
entire length of the bar in order to have the outside 
and bore concentric with each other before the 
barrel is placed in the furnace. The usual rule fur 
normalizing any steel is to heat it above the critical 
range and cool it in air. which serves to put the 
steel in an undressed condition of fine crystal size 
and arrangement ; in these tests, however, the fur¬ 
nace was turned out and the steel and furnace were 
allowed to cool, which gave it a better physical pro¬ 
portion and did not allow the friction or the heat 
generated by the turning tool to spring it out as on 
ordinary barrel steel. 

After this roughing operation, another normaliz¬ 
ing took place which could be called double an¬ 
nealing; this was done for maximum grain refining. 
The steel was heated to a temperature somewhat 
above the critical range, air-cooled for three min¬ 
utes out in the open, and then quenched in oil, fol¬ 
lowed by reheating to a temperature just below the 
critical range. The completion of the reaming and 
finish-turning took place, and also the rifling, cham¬ 
bering, and final fitting. 

The toughening or hardening must be just above 
the critical range, and the barrel should be heated 
long enough to insure complete grain refining; too 
high a temperature must be avoided. Since the 
normalizing temperature is above the critical point, 
it places the steel in a fine crystal form, so this 
must be watched; otherwise, when placed in the 
tempering bath, too great a change takes effect and 
allows the barrel to warp the slightest amount, 
which cannot be straightened by pressure or any 
other means. If it is held just a little above the 
critical range the barrel comes out very straight. 
The oil bath imparls to the steel a very tough sur¬ 
face and greatly lengthens the life of the barrel. 

The making of a rifle barrel by such methods 
requires rather large furnaces and other elaborate 
equipment, but the day is not far distant when per¬ 
fect rifle barrels will be made, particularly to satisfy 
the target shooter. Such barrels will be expensive; 
but when all rules of precision are used and a per¬ 
fect barrel is made, the conditions of sports will 
change so that to predict future results will he al¬ 
most impossible, except, of course, that ammuni¬ 
tion will have to be competent for the barrels. The 
shorter the range, the greater would be the possi¬ 
bilities allowed to overcome the difficulties pre¬ 
sented, and such barrel design together with the 
proper steels would overcome all discussion. Range 
and position governs the design of any target bar¬ 
rel; at the same time the sporting rifle barrel could 


be reduced greatly in weight and such arms would 
be made better in balance. 

Stainless or Rust-prooi Steel — This steel has 
been adopted by one of our leading firearm manu¬ 
facturers for rifle barrels with an additional cost 
uver the nickel-steel barrels. We have not had the 
opportunity to make any extensive tests with this 
steel of American manufacture, and so whether it 
will be the barrel steel of the future cannot be fore¬ 
told. Some of the earlier forms of rustless steel 
were imported from Germany and Austria, such as 
Poldi “Anticora*’ steel and Boehler “Antinit,” 
which were used for rifle barrels. Both steels are 
very hard to drill, ream, and rifle, and require the 
importation of special tool steel. The American 
so-called ‘‘stainless*’ steel has a high percentage of 
chromium content; therefore we must place it under 
the head of a special alloy steel with a copper con¬ 
tent also. None of these steels are really rust¬ 
proof ; all will rust if given enough exposure to the 
elements, but they are much more resistant to rust 
than other barrel steels. All these rustless steels 
are so resistant to rust that it takes as many as 
twenty applications of the bluing solution to bring 
out a satisfactory blue appearance. Before the 
solution can be applied, a special coppering process 
must be first applied and then subjected to the 
bluing solution, which really turns the copper to a 
black-gray color, except Formula No. 1, Chapter 
XVI, which takes on stainless steels. As stated 
before, all these steels are very difficult to operate 
upon. This, in addition to the high original cost of 
the steel, makes these barrels much more expensive 
than the ordinary nickel-stecl barrels, with the 
added difficulties taken into account. 

If the bore were given a treatment of chromium 
plating, the nickel steel would be far more satisfac¬ 
tory than any form of rustless steel made. A per¬ 
fect heat-treated nickel-steel barrel, given a plating 
of chromium in the bore—or a higher-grade alloy 
than chromium—would solve the problems of rust 
and produce a far better barrel, incidentally elim¬ 
inating friction to a greater extent. Such alloys 
would completely fill the small invisible grooves 
left by the barrel tools and give the interior a 
highly polished surface which would be difficult to 
secure without using a diamond cutter in the rifling 
head. 

Standard Barrel Design — A rifle barrel must 
have a certain wall thickness in order to be safe 
against bulging in the chamber when using a high- 
velocity cartridge; bore pressure is also a vital fac¬ 
tor; therefore steel of a hard texture is required. 
Figure 48 illustrates the standard barrel for sport- 
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ing arms, as roughed out, and Figure 49 shows the 
finished barrel together with a rib barrel integral 
with the tube; also the fastening for the sling con¬ 
nection, whether quick-detachable or swivel-bow. 
This may also be integral with the barrel the same 
as the front-sight ramp, but the one at the top in 
Figure 49 is sweated in place and held with a 
screw; every part which is essential should be in¬ 
tegral so that all will be solid. Of course, when 
any parts such as the ramp swivel base or rear 
sight base can be satisfactorily sweated, suitable 
screws should be used as well. The rear leaf-sight 
base should be a part of the barrel if open sights 
are to be used, and the sight rib and top of re¬ 
ceiver should be flush, allowing the use of very low 
leaves. A light barrel on which the rib extends up 
a certain distance could be milled out with a shot¬ 
gun rib effect with a small-end mill or slitting saw, 
not only to produce a pleasing appearance of the 
rib but at the same time to reduce weight con¬ 
siderably. 

In the design of a modern barrel, weight and 
balance of the finished arm must be well considered, 
particularly on a sporting arm. A hunting rifle 
should lx? made as light in weight as is consistent 



artificial aid he stumbles upon—foremost the long 
heavy barrel. It is doubtful whether all things can 
be equal or if this barrel of precision cannot be 
looked upon as a miniature piece of artillery rather 
than a small arm; but to the gunmaker it is as 
interesting as some of the suggestions he is often 
confronted with. 

Barrels intended for target shooting, regardless of 
caliber, should be governed by the build of the in¬ 
dividual. The very heavy ‘free rifle” barrel used 
in the International Matches—No. 8 barrel (Figure 
50)—would be the top barrel, which has no taper in 
its entire length. This barrel when made between 
28 and 30 inches in length is usually advisable for 
a rather large person, but a smaller person should 
first test it thoroughly and then cut it off until he 
can hold it steady and at the same time minimize 
muscular trembling. Target barrels should be near 
the same diameter as the receiver in order to place 
the greatest weight as near the receiver as possible, 
and this straight portion should continue about 
eight inches ahead, and then have the gradual taper 
of the muzzle. Such a straight section is better for 
the mounting of telescope bases where two blocks 
are mounted low. The ideal weight for a target 
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Fig. 50 

Barrel design. Size to govern weight 


with fine accuracy and moderate recoil, and should 
balance particularly well a short distance in front 
of the trigger, so that it will handle and move 
quickly for quick snap shots and shooting at run¬ 
ning game. In a target-rifle barrel there should be 
weight enough to hold it steady. Yet some regard it 
as a scientific toy with which the target shooter at¬ 
tempts absolute accuracy and allows himself every 
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barrel is difficult to define, for every one has his 
own idea on the subject. 

It will be noted in Figure 48—Standard Barrel 
Design—that a number of the barrels have, at E, 
a diameter of 0.566 inch. This size is better for a 
more perfect balance and at the same time has a 
better appearance with the inclined ramp sweated 
in place at the top without an encircling band. 

Many riflemen prefer the encircling band on the 
ramp to have more material for strength. En¬ 
circling bands on ramps have been a standard for 
the past ten years or more, but styles change in 
firearms as well as in clothes and the wise person 
usually adopts something with a better appearance. 
In the tables shown in Figure 48, one has a choice 
of barrel dimensions; but for the average person a 
suitable weight is a varying question in a sporting 
arm; therefore we must treat the question from an 
angle that all gunmakers have adopted. Accuracy 
is the first consideration and balance follows. To 
reduce weight in any barrel from a given standard 
for accuracy requires due consideration for the bal¬ 
ance and at the same time recoil. Here is where 
stock design must be freely consulted to have both 
made in proportion, as weight in a barrel can often 
defeat the real purpose of balance in a standard 
designed stock; consequently, a stock must be made 
in proportion to the barrel weight. 

Because barrel length has been considered but 
slightly, let me say that 24 inches in length is gen¬ 
erally the standard from which nearly all hunting 
ballistics are obtained. We must regard this as a 
standard except for those in the magnum class, 
which should be 26 inches. The longer the barrel, 
the higher the muzzle velocity a given cartridge will 
develop. In the Springfield Model 1903 rifle and 
Model 1906 cartridge, a reduction of one inch in 
barrel length is equivalent to approximately 25 
f. s. lost in muzzle velocity. On the Krag using 
the old W. A. powder, which burns more completely 
in a short barrel length, the difference between a 
30-inch barrel and one cut off to 22 inches is only 
60 f. s. lost in muzzle velocity. As the barrel is 
shortened, muzzle blast, flash, and report become 
greater, and because of these objectionable features 
many men disparage the advantages of short bar¬ 
rels, particularly when discovered by themselves. 
In high-velocity arms 20 inches should be the mini¬ 
mum length for rifles in the caliber .30 class, 18 
inches the minimum length for .25 caliber, and 22 
inches for the .505 Gibbs, .416 Rigby, .404 Jeffries, 
and .375 Holland & Holland magnum cartridges. 

It is fallacious to suppose that the longer the 
barrel the better will be the accuracy. The most 
accurate length for caliber .30 barrels is between 
24 and 28 inches, but it is impossible to say that 


a 28-inch barrel is more accurate than one measur¬ 
ing 24 inches. In fact, the longer the barrel, the 
greater the friction, and as the pressure in a caliber 
.30 Model 1903 at 22 inches is only about 8000 
pounds at the muzzle, and as it requires between 
110 and 2200 pounds to expel a bullet from a bar¬ 
rel, nothing is gained with the longer barrel except 
sight radius. Of course, when iron sights are used, 
the longer sighting radius reduces errors to a mini¬ 
mum: also, some men can hold and swing a gun 
more steadily when firing offhand with a long bar¬ 
rel than they can with a short one. Rifle barrels 
are usually shortened on hunting arms for the pur¬ 
pose of better handling on horseback and in the 
brush. One-fourth inch of barrel length at the 
muzzle of a Springfield rifle of the service type 
weighs 128 grains. To find the weight of a round 
bar of steel, square the diameter in inches and 
decimals of an inch and multiply by .2225; the 
result will be the weight in pounds of a section 1 
inch long. To find the weight of a rifle barrel or 
a section of such a barrel, first find the weight of 
a bar of the outside diameter of the barrel and 
subtract from it the weight of a bar the diameter 
of the bore. 

Barrels for .22 caliber rim-fire cartridges can 
probably be made as light as 0.600 inch at the 
breech and 0.400 inch at the muzzle if made of good 
steel. A barrel measuring 10 inches long fired from 
a machine rest may group as closely as one inch 
at 50 yards with suitable ammunition. The .22- 
long rifle cartridge seems to give its maximum 
muzzle velocity in a barrel between 18 and 22 
inches long. It is doubtful if any increase in ac¬ 
curacy results from increasing the length over 24 
inches or the diameter over that given for the 
Springfield sporting-type barrel. Both weight and 
length are given to .22 caliber barrels to give proper 
appearance and balance, and to maintain a weight 
and swing that will enable the shooter to hold the 
rifle steady. The Model 52 Winchester rifle has 
quite a heavy barrel of 28 inches, and the expert 
shot finds it very convenient from the standpoint 
of hard and steady holding in all positions. Still, 
the same rifle could probably be fitted with a light 
18-inch barrel, and from a machine rest test, a short 
barrel should give as good average groups as the 
long and heavier barrel. 

Turning Barrels — The modern barrel design 
not only calls for a lathe-turning operation, but a 
milling-machine set-up as well, in order to perform 
the various cuts illustrated in the drawings. All 
this work must be done after the barrel is drilled. 
Turning down a rifled barrel such as the Spring- 
field or any other of private manufacture, to reduce 
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its diameter and thus lighten it, almost invariably 
results in releasing strains in the steel to such an 
extent that the barrel will be bent considerably. 
When a military barrel ls turned without using a 
well-ground lathe tool, the heat generated from the 
tool will cause the barrel to spring continually, and 
before the tube is down to the correct dimension it 
will be out in some cases as much as *4 inch. This 
must be straightened before it can be used. If 
military barrels are only turned the slightest 
amount—for instance, where the rear-sight fixed 
base has been removed—this exposed spot looks 
very unsightly left in the form when the base is 
pressed on. The barrel should be placed in a lathe 
and this rough place turned to a neat radius or a 
long angle, and then the splinc-cut filled in with 
four 8 x 36 screws. The tap drill should only go 
down to a depth of a little more than */& inch. 
After the holes are tapped, the screws are set in 
place and cut off about %6 inch higher than the 
surface and then hammered over and filed flush 
with the surface. After all this is finished the bar¬ 
rel is draw-filed and polished for the bluing op¬ 
eration. 

Before the barrel can be turned, barrel plugs 
must be made as illustrated in Figure 51; one for 
the chamber and one to fit into the muzzle. These 
must be hardened and ground on centers. If made 
of soft steel they are liable to gaul in the bore, 
thus ruining the barrel to the length of the plug. 


The straight portion which fits into the bore must 
be just a free push fit on the top of the lands, and 
the center must be lapped so that it does not cause 
undue friction on the dead center. 

In the turning of any barrel, I am assuming that 
the person has the necessary machine-shop experi¬ 
ence to enable him to perform this operation suc¬ 
cessfully, and to know the essential moves to make; 
but the first time one attempts the turning of a 
military barrel it is well to know some of the cor¬ 
rect methods employed. The first stage of the op¬ 
eration is to place the chamber and muzzle plugs 
into the barrel and run the barrel between centers, 
attaching a lathe dog to the breech end and 
tightening the driving plate with a belt lace wound 
around the dog and back of plate, holding the 
barrel tight against the live center. With the barrel 
running between centers, the question arises, What 
amount of metal should be removed? If a con¬ 
siderable reduction in diameter is to take place, it 
will be necessary to employ the steady rest and 
place it well back against the breech end. Turn a 
true spot and locate the steady rest there, the ad¬ 
justing arms just touching the turned spot on the 
barrel. When this is in place, draw back the tail- 
stock center and see just how true the barrel is by 
the way it runs out at the muzzle. If it is an ab¬ 
solutely true barrel, the muzzle plug should run 
perfectly true. Having thus made this set-up, pro¬ 
ceed with the turning operation. 
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Sometimes when a barrel only needs to be trued 
up, a steady rest is not necessary, for there is not 
enough metal removed to generate sufficient heat to 
spring it any; therefore the complete turning can 
be done. A coarse feed is hest to use in all barrel¬ 
turning, even tho a light chip is removed, for this 
reduces friction to a minimum. The turning tool 
must be ground to a very small round nose, and the 
rake must also be ground well back so that when a 
cut is taken the chips removed will come off the 
barrel as tho you were cutting a piece of lead with 
a wood chisel; the cuts should come off long and 
slender. The setting of the tool must be well above 
center so that it is possible to remove such chips. 
With a long piece of steel between centers, as soon 
as a barrel becomes the least bit warm, expansion 
takes place; therefore the dead center must be 
loosened often to take care of this, for in many cases 
it is the cause of a barrel being sprung. When pur¬ 
chasing a Springfield Model 1903 rillc, it is best to 
specify the National Match ritlc for the purpose of 
remodeling; these barrels do not have as much 
metal to remove as the standard sporting barrels, 
and it is therefore possible to make them into 
lighter sporting arms having a finer balance. 

Barrel Turning— If a barrel is drilled and then 
rough-turned, provided the proper “normalizing’’ 
process has been adhered to, there should be very 
little spring to the steel. If it does spring, the bore 
must be made perfectly straight again. Whenever 
a piece of barrel steel has been rough-turned, caus¬ 
ing it to heat up, thereby releasing strains, it is 
important that the bore be made straight and held 
that way throughout all operations; this can only 
be done by the proper heat-treatments. When a 
barrel is completely finished it should never be 
straightened: for when straightening takes place 
after a barrel is heated in the act of firing, these 
strains are released again and the barrel begins to 
walk back to its original position or vary in this 
position. More often a crooked barrel has a light 
and heavy side, and such a barrel invariably fails 
to hold its true sighting aim. It is almost impos¬ 
sible to keep the correct sight adjustments as the 
barrel becomes heated from firing, and the expan¬ 
sion of the thicker wall being greater than that of 
the thinner wall, the barrel naturally bends itself 
in the direction of the thin-walled side; and the 
warmer it becomes the more it leans to the thin 
side. The only cure for such a barrel is to 
straighten it in the bore and reduce it in size to 
make it concentric. (See Chapter X.) If an ex¬ 
tremely bad condition is encountered, it is best to 
make a new barrel. 


Rifling — The depth of any rifling should not be 
more than is necessary to grip the bullet and pre¬ 
vent it from “stripping’’ within the barrel. The 
nearer any bullet is to a perfectly cylindrical form, 
free from deep grooves produced by the rifling, the 
less will be the resistance to the air in flight; for 
this reason depth of grooves must vary according 
to the caliber used. Ever since the introduction of 
the breech-loading system, with its use of cartridge 
case and bullet, we have seen various methods of 
barrel rifling. Each has had its advocates, and each 
new idea has been tried and proved with exhaustive 
tests, until today we have an even number of square 
lands and grooves which answer the purpose very 
well, particularly when fine accuracy is the prevail¬ 
ing argument for its keeping. Figure 48 illustrates 
the standard calibers as well as some of the special 
calibers of rifles from which remarkable accuracy 
has been secured. I do not have all targets to 
prove my statement, but the reason is obvious from 
the figures; the land and groove widths vary and 
were made in order to secure the finest accuracy; 
the depth of the grooves varies according to caliber. 
Long experience has proven that in a .22-caliber 
rim-fire cartridge, grooves should be 0.0025 inch 
deep; .25 caliber, 0.0035 inch deep, for both lead 
and jacketed bullets. For the .30 caliber and larger 
the depth should be 0.004. Large-bore Magnum 
rifles using jacketed bullets have a depth of between 
0.004 and 0.005 inch. 

It has often been remarked that grooves should 
be at least as wide as the lands. This only works 
out in theory, and it is much better to make the 
lands as narrow as possible to eliminate all undue 
friction as the bullet passes through the barrel and 
into the air—especially when accuracy is required 
at long ranges. Four grooves are sufficient for 
calibers from .22 to .30. Above .30 caliber it is 
best to employ six grooves. There is no advantage 
in employing any greater number of grooves except 
when the caliber is above .500, and then only be¬ 
cause it is much easier on the rifling head and 
cutter. The fewer the number of grooves employed 
the less friction experienced in bullet flight and also 
in barrel manufacture. The odd number of grooves 
would work best on the theory that no groove would 
be opposite another and this would relieve friction 
to the lowest point as the bullet passes through the 
barrel. Having lands and grooves opposite each 
other does not give the bullet a chance to relieve 
itself in its passage through the bore. But a barrel 
made with an odd number of grooves and lands, 
such as 3, 5, or 7, will reduce friction. If this 
proves out in the free use of an odd-fluted reamer 
or tap in operation, the same naturally applies to 
rifling. Nearly all barrels have right-hand rifling— 
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except pistol barrels, which mostly have left-hand 
rifling; but when a new barrel is being made it is 
best to have the right-hand spiral. 

The diameter of the finished reamed bore before 
it is rifled is called the “bore’' or '‘land” diameter. 
The diameter of the bottom of the grooves is called 
the “groove diameter’; naturally it exceeds the 
land diameter by twice the depth of the rifling. 

The groove diameter of any barrel has consider¬ 
able influence on accuracy and barrel life; there¬ 
fore it must be understood by the beginner who 
would concern himself with design and specification 
for rifle barrels, that groove diameter should always 
be made to one particular standard. Barrel manu¬ 
facturers require a standard, so there should be no 
occasion for private gunmakers to try to adopt or 
copy some private company’s tolerance of manu¬ 
facture; for such companies must have a working 
limit on their tools. The only part to be considered 
is bullet diameter; accordingly, groove diameter 
should always be considered in connection with the 
diameter of bullets that are to be used in the rifle. 
Because bullets are not of a fixed size, different am¬ 
munition manufacturers having more or less toler¬ 
ance to work by, it is best to find out the average 
diameter of all bullets and then use bullets that 
their figures correspond to for the groove diameter 
of the rifling. The groove diameter should be 
0.0003 inch smaller than the maximum diameter of 
any bullet for the best accuracy. All bullets must 
be resized in the course of manufacture to hold 
them to a certain size. Since lead has no expan¬ 
sion, the lead core then will measure between 0.002 


and 0.003 inch smaller than the jackets because 
of the compression. Then when such a bullet is 
forced into the rifling of the barrel it will be resized 
instead of being free, as it would be if the grooves 
were cut large. The lands also have a certain effect 
upon this resizing of a bullet, but not enough, for 
they cut a clean groove into the cylindrical portion 
of bullet without forming any marked impression 
on the under side of the jacket. 

The width of groove and lands, as you will note, 
varies; but the latter should be held as narrow as 
possible and the groove width be made as wide as 
it can be without becoming impractical for the 
rifling cutter or weakening the rifling-head cutter 
box. You will note that in the case of the caliber 
.30-03 rifling the groove is three times as wide as 
the land; therefore the cutter box in the rifling head 
is cut out rather thin, and for this reason more 
grooves are often required, tho still holding the 
narrow lands except in larger calibers. This is as¬ 
suming that all rifles are using the jacketed bullets, 
for which the lands are made a trifle wider so that 
it is impossible for them to turn over and be 
rounded when a number of shots arc fired through 
the barrel- as is the case when softer steel is used 
in the barrels rather than the standard recom¬ 
mended. 

The form of groove is also another important 
point to be considered for the finest results in ac¬ 
curacy. One side must be sharp to the bottom of 
the groove, while the opposite side must have a 
slight radius. The radius is placed on the driving 
side of the land, which reduces friction again as the 
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bullet is being forced through the bore; this small 
radius is also in the grooves of the bullet jacket 
and in its course of flight has no retarding action 
in the air as a sharp groove would have during its 
tremendous spinning motion through the air (sim¬ 
ilar to that of a flat propeller in water). A satis¬ 
factory form of rifling has been found and adopted, 
and for this credit is due to Henry, Medford, Lan¬ 
caster, Rigby, and others who have had strong con¬ 
victions and labored to suit the conditions of their 
times. In the future, some one may find a better 
system of rifling, but until then we shall bow to 
them. (See Figure 52.) 

Twist of rifling must also be taken into consid¬ 
eration. As Figure 48 is studied you will notice 
that there is a variation of twist between one turn 
in 10 inches and one turn in 16 inches. The 10.75 
mm. has a twist of one turn in 13.4 inches, which is 
the most practical twist or spiral for the form and 
weight of bullet used. There arc certain elementary 
truths which every one who uses a rifle should be 
acquainted with; among them is the value of the 
rifling—the object for which certain twists are 
given to various rifle barrels, and why these twists 
secure the finest results. The main object of rifling 
is to prevent a tendency of the bullet to rotate upon 
its shorter axis—a tendency produced by air-rc- 
sistance. Rifling, therefore, is of more importance 
when a conical or elongated projectile is used than 
when a bullet is spherical. It follows the law that 
the greater the length of a bullet in proportion to 
its diameter, the greater the need of a spiral rifling; 
and because other points are equal, the greater must 
be the speed of rotation. 

The degree of twist may be correctly figured, but 
in common practise it is generally fixed by a num¬ 
ber of experiments—assumed or figured either in 
the number of inches or feet in which a complete 
turn is made, or in caliber; the latter being the 
more exact, for it is evident that if a .40 caliber 
and a .30 caliber each have one turn in 12 inches, 
the rifling cannot be identical, but if the two barrels 
made the complete turn in the same number of 
their calibers, the twist of the rifling would be the 
same. It is not the intention of the present writer 
to attempt any explanation of the theories of mathe¬ 
maticians, or to explain the almost insurmountable 
difficulties which the problem presents. Full par¬ 
ticulars of the formulas used to figure velocities and 
values are given in most gunnery textbooks. It 
would be well for the reader to know some of the 
problems a barrel maker faces, and to have a brief 
understanding of the different laws which govern 
rifling, including the one which spins a bullet on 
its axis during its flight. The resistance of the air 
varies with difference in the sectional area, shape 


and velocity of the bullet, and density of the 
atmosphere. The sectional area of an elongated 
bullet is circular, and the resistance increases as 
the square of the diameter. The increase of re¬ 
sistance due to increase of velocity is regular, but 
no law has been discovered which accurately ac¬ 
counts for its degree of variation. A number of 
theories are advanced on this subject, one of which 
is that rifling has a controlling influence, or bullet 
cylindrical bearing in the rifling and balance in re¬ 
lation to the bullet used, etc. The variations due 
to changes in atmospheric pressure or density are 
not inconsiderable in long-range shooting or in high 
altitudes, and allowance is made in sight arrange¬ 
ments. 

Twist in rifle bores has been experimented upon 
so much that the person who is going to carry out 
certain barrel designs has his problems worked out 
by the tables before him. Whatever he works 
out must be of a radical nature and a complete 
departure from what has been done in the past. 

Chambers and Fitting — Very few men judge 
a rifle by its internal appearance; the outside is the 
prevailing factor when passing judgment, while the 
most essential parts, the chamber and bore, are sel¬ 
dom thought of. In the fitting of a rifle barrel to 
an action there arc either one or two shoulders to 
be fitted. In the Springfield Model 1903 action 
and other actions of a similar nature there is only 
one shoulder on the barrel to be considered, but on 
the Mauser action there are two: one on the shoul¬ 
der back of the threads, and one on the face of the 
barrel. When fitting a barrel to the latter action, 
the two bearing surfaces must be a perfect fit 
against the face and shoulder of the barrel. On an 
action of the Springfield type, the thread fit must 
be perfect and the shoulder must be wide enough 
so that a tight union can be secured when the barrel 
is given the final tightening pull against the re¬ 
ceiver. With tight threads and perfect union against 
the shoulder a barrel will never have any variations 
in point of impact. A barrel badly fitted to a re¬ 
ceiver is as bad as a crooked barrel which con¬ 
stantly changes its grouping. 

A chamber placed in a barrel in which a cartridge 
is at rest when in the act of firing should have a 
burnished, mirror-like finish when it is viewed 
through the action. A chamber with the least indi¬ 
cation of circular grooves sooner or later causes 
trouble in the extraction of fired shells, especially 
in a high-velocity arm, as the brass cartridge case 
will make a complete moulding in any slight groove 
and cling to the walls of the chamber. Often lodged 
cases in a chamber cause the extractors to be broken 
in trying to remove them. If the extractor holds, 
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it usually slips over the recess and tears part of the 
head away from the case and a cleaning rod must 
be used to remove it. A bulged chamber will also 
do the same thing, and a chamber bulges easily if 
the proper steel is not used. I have often seen this 
happen on some of the magnum chambers where 
the wrong steel was employed. Chambers should 
be made with the properly designed barrel having 
a radius at the starting of the shoulder at the neck. 
At times the inexperienced tool maker, in making 
chambering reamers, will neglect to incorporate this 
radius at this point in the grinding operation and in 
the completed chamber; the result is a sharp corner 
which causes the neck of the case to part. The 
radius at the top of the shoulder is an easy matter 
to stone on the reamer, but in some chambers this 
is neglected. Another important point is the cor¬ 
rect headspace, but this is taken up in another 
chapter. To look for perfect chambers you must 
look for a mirror-like polish free from any circular 
marks, and the final test is the firing and complete 
examination of the fired cartridge case. When all 
these check up to standards together with a perfect 
bore and groove diameter the barrel should perform 
well. 

Ribbed Barrels — Refer again to Figure 49, 
Which illustrates a ribbed barrel; this design is very 
appropriate when perfect outlines are desired. The 
Mauser factory in Germany turns out some of the 
finest barrels of this nature, and because of the 
long experience and proper tools and fixtu.es of 
these gunmakers there are few who can compete 
with them for perfect design of a solid-ribbed rifle 
barrel. It is possible to make one of these barrels 
on a milling machine by using various set-ups and 
a vertical milling head. In order to secure the 
angles or taper on the rib, a false plate must be 
made and fastened to the table of the machine, for 
the universal arrangement of the table will not take 
care of this. If one contemplates making such a 
barrel it is necessary to figure on three days : steady 
work; but the design, when completed in accord¬ 
ance with the drawing, is very unusual. 

Bullet Fit in Barrels — When considering the 
relationship between groove and bullet diameter, 
we shall select the .22 caliber first. In .22-caliber 
barrels the best results are obtained when the bullet 
diameter is slightly larger than the grooves. Since 
bullets and barrels vary in diameter, different 
makers' products vary slightly from standard, but 
from the standpoint of difficulties encountered, the 
bullet should be from 0.0005 to 0.0015 inch larger 
than the groove diameter of the barrel to expect 
good work in .2 2-caliber rim-fire rifles. Most bar¬ 


rels will vary' from .2225 to .2235 inch in groove 
diameter, and most bullets will run from 0.222 to 
0.225 inch maximum diameter of bearing. Prac¬ 
tically the desired fit can be obtained by trying 
various makes and lots of ammunition in the par¬ 
ticular rifle, and selecting the lot which gives the 
best accuracy. 

In .25-caliber high-power rifles, the groove diam¬ 
eter will vary from 0.2565 to 0.2585 inch. Gen¬ 
erally, however, the barrels run between 0.257 inch 
and 0.258 inch. Bullets will vary between 0.2565 
inch and 0.2585 inch (usually the former size). 
An ideal combination of both groove and bullet 
diameter should be between 0.2570 inch and 0.2575 
inch. Excellent results can be obtained if the bul¬ 
lets are no smaller than 0.0005 inch, in relation to 
the groove diameter. 

More is known in regard to bullet fit in the 
caliber .30 model 1903 Springfield rifle than in any 
other size, and in the caliber .30 the bullets which 
are made specially for the 30-06 cartridge run closer 
to standard measurements and are better than any 
other class of bullets when made at the Frankford 
Arsenal. This is one of the reasons why better re¬ 
sults are obtained from 30-03 rifles than from any 
other caliber. 30-06 bullets run very regular in 
size, which is between 0.308 inch and 0.3085 inch, 
and will give extreme accuracy in rifle barrels hav¬ 
ing a groove diameter between 0.308 inch and 
0.3085 inch, and still give fair accuracy in barrels 
which measure in the groove diameter between 
0.3085 inch and 0.309 inch. 

When lead bullets are used with smokeless pow¬ 
der in calibers larger than . 22 , another principle of 
bullet fit applies. Bullets should be cast of a rather 
hard alloy and should be larger than groove diam¬ 
eter for the best results. In .25 caliber barrels, 
such lead bullets should be from 0.001 to 0.003 
inch. It does not appear to matter just what size 
the bullets are, providing they come within these 
figures; but, of course, a given batch of bullets 
must be uniform in diameter, and they also must 
be of a size so that when seated in the case the 
chamber of the rifle will receive the cartridge with¬ 
out undue crowding. Bullets smaller than groove 
diameter do not give good results with smokeless 
powder, altho they give fair results when black 
powder is used. The reason for this is that the 
ignition of black powder hits the bullet a sudden 
blow and expands it to the bore size even before 
it starts out of the case. But in many cases with 
black powder, better results will be obtained if the 
bullets are slightly larger than groove diameter. 

Bullet scat or throating of any chamber should 
be so that a slight impression is given to the bullet 
as it seats itself in the rifling. This applies to fine 
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target rifles, but for sporting rifles this seat should 
be made just a trifle longer so that a bullet will not 
pull out and lodge in the rifling upon the removal 
of a cartridge case. Bullet seat is an essential part 
of any chamber. A bullet should not have a free 
space between the neck of the case and the rifling; 
if it has, it will jump into this free distance, pro¬ 
ducing not only inaccuracy but very bad erosion 
as the gases rush ahead of the bullet into the steel 
at this point. A long throated chamber not only 
causes inaccuracy but a loss of pressure and veloc¬ 
ity, and an increase in erosion. 

Rebored Barrels — The question often arises 
whether it is possible to rebore a barrel to a larger 


Caliber and Cartridce Make 

.22 Short, R. F.All 

.22 Long Rifle, R. F.All 

.22 W. R. F.Winchester 

.22 W. C. F.Winchester 

.22 Baby H. P.Niedner 

.22 Savage H. P.Savage 

.25-20 S. S. & W. C. F.Winchester 

.25-35 W. C. F.Winchester 

.25 Rem. Auto .Remington 

.25 Niedner, Spg. & Krag.. .Niedner 

.250-3000 Savage.Savage 

6.5 mm. Mannlicher.Austrian 

.270 W. C. F.Winchester 

7 mm. Mauser.German 

7 mm. Mauser.American 

.280 Jeffery’s .British 

.30-30 W. C. F.Winchester 

.30-30 Rem. Auto .Remington 

.30 Krag .U. S. Gov't 

.30-06 Springfield .U. S. Gov t 

-300 Savage .Savage 

.30 Magnum .H. & H* 

.32-20 W. C. F.Winchester 

.32 Win. Special .Winchester 

.32 Rem. Auto .Remington 

8 mm. Mauser.German 

.303 .British 

.303 Savage .Savage 

22 Win. Self-Loading.Winchester 

.33 W. C. F.Winchester 

35 Win. Self-Loading.Winchester 

.351 Win. Self-Loading -Winchester 

.35 Rem. Auto .Remington 

.35 W. C. F.Winchester 

.375 Magnum .H. & H* 

.38 Short, Long and Extra 

Long, O. L.All 

.401 Win., S. L.Winchester 

.404 Magnum .Jeffrey’s 

.405 Winchester .Winchester 

.45-70 Winchester .Winchester 

.45-70 U. S. Gov’t.U. S. Gov’t 

.505 Magn um .Gibbs 

* Holland & Holland. 


caliber. It is possible, provided the rifle and barrel 
are suited to the particular cartridge selected. If 
you have the right equipment, it will be well to do 
this yourself; to have it done hy a regular barrel 
maker would cost just as much as a new barrel of 
that particular caliber. 

The following table comprises a selection of the 
most popular American, British and German cart¬ 
ridges. It will be noted that a number of obsolete 
calibers have been discarded which require special 
cases and can only be obtained from one source of 
supply. When a sportsman selects a rifle for sport¬ 
ing purposes, he should select a modern caliber so 
that ammunition is procurable in all parts of the 
world. 


Groove 

Bore 

Twist of 

Diameter 

Diameter 

Rifling 

Inches 

Inches 

1 Turn in 

Min. 

Max. 


- Inches 

.22 

.2238 

.2175 

20 

.222 

.2238 

.2175 

16 to 17 

.2255 

.226 

.219 

14 

.2235 

.2241 

.218 

16 

.223 

.2235 

.2175 

16 

.226 

.2265 

.219 

12 

.257 

.2575 

.250 

14 

.257 

.2 575 

.250 

8 

.257 

.2575 

.250 

10 

.2565 

.2575 

.250 

12 

.257 

.258 

.250 

14 

.263 

.264 

.256 

7 ^ 

.278 

.2785 

.270 

10 

.2854 

.2874 

.276 

8.66 

.2845 

.2855 

.276 

10 

.28V 

.200 

.280 

8.66 

-308 

.3085 

300 

12 

308 

.3035 

300 

12 

.308 

.310 

.300 

10 

.308 

.3085 

.300 

10 

20$ 

.300 

300 

10 

.3083 

.3085 

300 

14 

-311 

.3115 

305 

20 

22 0 

.3205 

.312 

16 

.310 

3195 

.312 

16 

.318 

326 

.312 

14 

.310 

311 

.303 

9 to 10 

.308 

309 

300 

10 

22 1 

.322 

312 

10 

.33 8 

.3385 

330 

16 

.351 

352 

.334 

12 

.351 

352 

344 

16 

356 

3565 

348 

16 

.358 

3585 

3.50 

16 

-375 

376 

.368 

12 

.358 

350 

350 

36 

.407 

.408 

.400 

14 

.423 

.424 

.414 

14 

.413 

.4135 

.405 

14 

.456 

.458 

.450 

20 

.451 

.458 

.450 

22 

.5045 

.5055 

.494 

16 
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CHAPTER IX 


Barrel Tools and Their Construction 


T HE high degree of accuracy necessary in the 
construction of certain classes of tools and 
gauges for barrel making has made it requisite for 
tool makers and machinists to employ various 
methods and appliances in order to work to the 
prescribed precision. Since the work of the tool 
maker requires an unusual degree of skill and re¬ 
finement it is of the greatest importance that not 
only he, but those who perform the making of 
these tools and gauges, have the greatest interest 
in their work. I must emphasize one particular 
point, and that is the proper machinery to make 
these tools correctly. Never lose sight of the fact 
that a well organized tool room means the success 
of any product manufactured. Owing to the varied 
nature of tools required for barrels and the manu¬ 
facturing of interchangeable parts, this industry 
involves the most exacting refinements in general 
tool-making practise. It is surprizing that so little 
has been written pertaining to tool making for 
firearms and cartridge manufacturing. This chap¬ 
ter does not attempt to cover completely those 
methods and operations which are fundamental to 
the production of firearms or ammunition; it seeks 
to cover only one small part of the industry— 
barrel tools, which require the closest of precision 
work. 

I do not wish to convey to the ambitious, me¬ 
chanically inclined reader that the making of tools 
for this operation can not be performed by him; 
on the contrary, he can develop as great refinement 
in his work as the most experienced tool maker 
who is just starting to do this class of work him¬ 
self. 1 have seen some very good tool makers fail 
to master some of the simplest operations, while 
others with far less experience became very suc¬ 
cessful and very valuable men in this work. Accu¬ 
racy is essential to practically all tool-making 
operations, and when the experienced rifleman 
takes up this branch of the work, the same extreme 
accuracy he insists upon in shooting will be in that 
most essential part of a rifle—the barrel. His 
conception of these requirements will lead him to 
develop the same patience as shown on the range. 
Accuracy, as every tool maker knows, requires time 
and more time; accordingly, all time elements must 
be forgotten to produce the best: one must know 


why every move is made before even a cut is 
started. Consider the conditions under which you 
are laboring and be guided by your best judgment. 

Reamers — If it were possible to have space for 
this one subject alone it would fill at least three 
chapters, tor reamers are among the most essential 
tools in the construction of a rifle barrel. If 
reamers are to produce round and smooth holes 
they must have cutting edges not only correctly 
spaced and formed but stoned or honed to a sharp 
cutting edge free from saw teeth. For this reason 
the correct steel must be selected. A common de¬ 
fect in reamers is chattering. This is usually 
caused by incorrect spacing of the cutting edges, 
excessive rake, or improper stoning of the flutes, 
which allows too much clearance for the lands or 
tops of the teeth. When a reamer has too much 
rake, it cuts too readily and produces a rough 
interior surface, hardly noticeable to the naked 
eye; whereas, excessive clearance of the lands 
causes chattering, and the reamers do not have 
proper support. The purpose for which any 
reamer is to be used must, of course, be determined 
first, for in barrel making there are three different 
forms of reamers: roughing, finishing, and burnish¬ 
ing. Some of the principal points connected with 
these reamers are mentioned in the following para¬ 
graphs for the benefit of those who may only have 
a small shop. 

Strong teeth or flutes of sufficient depth are nec¬ 
essary to give room for chip clearance, which is 
one feature of the construction of a reamer re¬ 
gardless of its mission or nature; both these fea¬ 
tures depend on the number of teeth and the 
shape of the fluting cutter. In the smaller sizes 
such as the barrel reamers, we only have two selec¬ 
tions in regard to the number of teeth, for the 
roughing both in the barrel and chamber. A fin¬ 
ishing reamer works well with less than six flutes, 
and should not have more than six. Burnishing 
reamers always have six sides, and these are set 
as a standard. When constructing a roughing 
reamer with four flutes the lands at the top of the 
teeth may be left rather heavy, which gives greater 
support to the reamer. The lands on the finishing 
reamers, however, should be rather narrow. Figure 


119 



120 


THE MODERN GUNSMITH 



ROUGHING STANDARD BURNISHING 


USING 

RADIUS CUTTER 
FOR FLUTING 


RADIUS CUTTER 
SIX FLUTES SET 

ON CENTER 


Fig. 53 

Reamers. Flutes commonly used, and offsetting of flutes for milling sel-up 


53 illustrates three different reamers and flutes. 

When fluting reamers, the cut is so set with rela¬ 
tion to the center of the reamer blank that the 
tooth gets a slight negative rake; that is, the cutter 
should he set about 0.010 inch ahead of center as 
shown in Figure 53. In the construction of some 
reamers it is necessary to “break up the flutes”; 
that is, to space the cutting edges unevenly around 
the reamer. The difference in spacing should be 
very slight and need not exceed 0.002 inch for each 
flute. The breaking up of the flutes is usually 
accomplished by first setting the sides of the angle 
cutter 0.010 inch off center and the dial on the cross 
feed at zero. The first cut will be to the extreme 
limit. As the index head is revolved for the next 
flute, move the cross slide in toward the center 
0.002 inch; accordingly each successive flute is cut 
likewise until all are cut, and the last flute will 
only be 0.002 inch ahead of center. When a reamer 
is provided with spiral flutes as shown in the fin¬ 
ished barrel reamer, the angle of spiral should be 
so that the cutting edge makes an angle of about 
ten degrees with the axis of the reamer. A spiral 
reamer so constructed makes one of the best forms 
of reamer for finishing purposes. Such a tool re¬ 
duces chattering to a minimum, but is a little more 
difficult to make. 

Burnishing reamers are cut on the exact center 
with a radius cutter. The cutter selected must be 
wide enough to mill out the flutes and produce the 
desired depth. It must also allow a sufficiently flat 
surface w r hen the flats or sides are formed or milled 
off, forming a sharp six-sided hexagon. Figure 53 
illustrates the method used in the milling operation. 
After the flutes are milled the reamer is hardened, 
and then the temper is drawn to remove all hard¬ 


ening strain. It is now ground to a cylindrical 
form and only the points at the sharp edge are 
removed. This leaves a slight radius, and 0.002 inch 
oversize is left on the outside diameter for lapping 
purposes. The flat surface of the hexagon is lapped 
on all sides until a nearly sharp edge is produced 
on the cutter. The diameter is still 0.002 inch over¬ 
size, and the reamer is now lapped on the nearly 
sharp edge, removing 0.001 inch on each of the six 
sides or placing a faint flat upon the cutting edge. 
This is the edge which produces the fine burnished 
surface. If, in the first cutting trial for correct 
size of bore, it is a little oversize, more lapping 
may be done to reduce it to the exact diameter. A 
fine Arkansas stone lightly rubbed over the cutting 
edges will keep the burnisher free from minute 
scratches of pick-ups. This should be done before 
the reamer is started in the bore. 

Barrel reamers are never ground for clearance, 
but stoned. Production reamers arc ground, and 
the amount of clearance depends somcw'hat upon 
the type of reamer and its size. Such operations 
are very easy and simple if the proper reamer 
grinders are at hand. The finishing of barrel 
reamers must be done by hand with oilstones of 
various grades and sizes. The stoning operation 
on reamers requires practise to know just the right 
movements to make in order to obtain the desired 
results. 

After a reamer is ground cylindrically, allowing 
between 0.0005 inch and 0.001 inch oversize, the top 
of each tooth is given a coating of coppering solu¬ 
tion. This will show the exact location and move¬ 
ment of the oilstone at all times and the distance left 
at the cutting edge. Hold that small fractional edge 
until the final finishing, u-hich is the fine cutting 
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-.0005 LESS THAN REAMER- DRILL FOCL OIL TUBE— 
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END 
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END 
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END 
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-0003 LESS THAN REAMER 
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-SWEAT TO 
OIL TUBE 
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Fig. S4 

Improved designs for gun-barrel reamers 






PAPER 



FINE BORING TOOL 


WOOD 


GAUGE 

A 

B 

6 

0070 

0.726 

10 

004© 

0.690 

12 

0600 

0.660 

10 

0033 

0.063 

20 

0466 

0.636 

26 

0421 

0.4 71 

410 

0261 

0031 



ROUGH BORING TOOL 



PAPER 


WOOD 


FA PER 


WOOD 


CHOKE BORING TOOL 


Fig. 55 

Shotgun boring tools—commonly called boring bits in the gun shop 
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edge. Barrel reamers require a leed or taper as 
they are pulled through the barrel, and the leed 
must be stoned even and true after it is backed off 
by the oilstones and brought down to the desired 
size. A leed is commonly stoned on the draw-in 
side. This leed may be of various lengths to suit 
conditions; it may be very short, or it may be 
almost entirely absent in the case of the burnish¬ 
ing reamers; but a little will be required in the 
form of a slight angle. The roughing reamer 
should have a leed of about one-half inch in length. 
The taper should measure between 0.005 inch and 
0.007 inch on the side. The rear end of the reamer 
is also slightly tapered to prevent the ends of the 
teeth from scratching when they pass through the 
bore. Finally, the face of each flute is stoned until 
the cutting edge is free from any indications of 
milling cutter marks. 

Reamers should measure from 0.010 to 0.020 inch 
oversize before they are hardened according to the 
size and the normalizing methods used with the 
steel selected. Those illustrated in Figure 54 are 
the improved style of barrel reamers with pilots on 
both ends. They obviate any tendency to chatter, 
and if there should be any little kinks or crooks in 
the bore they will remove them, whereas the old- 
style reamer would pass around them. Reamers 
having such lengths and undercuts must be given 
the proper heat-treatment so that they will only be 
out very slightly, if any, after they are hardened. 
Too much attention can not be paid the pilots to 
prevent them from becoming oversize from wear 
of the reamer. When that happens the reamer 
usually lodges in the bore and must be driven out. 

Since any reamer will wear, pilots may be elim¬ 
inated and a straight fluted reamer used as illus¬ 
trated in Figure 80, No. 4. The construction of 
these reamers is simpler than that of the spiral 
reamers, but as experience is acquired the reamers 
with pilots will be used; then satisfactory ring 
gauges will be made to check all wear so that the 
flutes will never wear down to the pilot’s size. 

One reamer which may be used as an all-around 
reamer is the general shotgun boring bit or boring 
tool illustrated in Figure 55. These reamers can 
he made to ream any straight hole from a .22- 
caliber rifle barrel to the standard shotgun bore. 
They are used in a rifle barrel the same as they 
are for a shotgun barrel, except that they are 
pulled through the barrel; therefore it will be nec¬ 
essary to place a lead an (he square tool near the 
shank end. As an illustration, suppose a reamer 
is to be made for a .22-caliber barrel. For better 
results two would be required; one as a roughing 
reamer, and one as a burnishing reamer to remove 
0.003 inch. The roughing reamer would only be 


cutting on the one side, as the illustration shows 
for shotgun bores. 

Making one of these square reamers is very 
simple if one has access to a surface grinder. The 
tool is first shaped or milled until it measures 0.015 
inch over the highest point of the square, which 
leaves a sufficient amount of material for grinding 
purposes. A shank is turned on one end, long 
enough so that a length of drill rod can be welded 
on; 1.5 inch is sufficient. The length of the tool or 
reamer on its cutting portion should be as long as 
possible without causing undue warping during 
hardening. As an example, a tool made for a .22- 
caliber should be between 6 and 8 inches in length 
and larger calibers longer; for the greater the 
length the truer will be the reamed hole and bear¬ 
ing surface of the reamer upon contact with the 
interior of the barrel. 

The burnishing or finishing reamer is made the 
same as the standard burnishing reamer, except 
that one side is given a small radius and the oppo¬ 
site side is the cutting edge; this has the small 
0.001-inch flat lapped down from the sharp cutting 
edge. Instructions for the use of fluted reamers 
are given in Chapter X, hut if this type of reamer 
is once used, it will take the place of a fluted 
reamer, which is only used when experimental 
barrels are constructed. 

A newly stoned reamer has more tendency to 
chatter than one which has been used for some 
time. If there should be too little clearance the 
reamer will not cut freely, as the lands will rub 
against the walls of the barrel. In many instances 
the result will be a lodged and broken reamer and 
sometimes a ruined blank. An eccentric relief is 
that which is stoned on the flutes of a reamer; the 
land back of the cutting edge is convex rather than 
flat, and is used in all barrel reamers. This type 
of reamer holds its size longer than others. 

Chambering reamers are the most difficult to 
construct, particularly the burnishing reamer. The 
roughing reamer is made similar to a counterbore, 
except that it is in steps, as Figure 56 illustrates. 
This tends to reduce the metal in the chamber, 
leaving the second reamer with only a minimum 
amount of metal to remove. Both roughing and 
No. 2 reamers could be made spirally, but this 
would be more difficult. With reamer No. 2, when 
made with a right-hand spiral of the cutting edges, 
especially when there is considerable taper, the 
inclination of the cutting edges in the direction of 
the turning movement lends to draw the reamer in 
and gives a better cutting action. Ordinarily, how¬ 
ever. the flutes of both roughing and No. 2 reamers 
are made straight. Reamers for roughing purposes 
are sometimes made in a series of cylindrical steps. 
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When making such a reamer, first turn the blank to 
the correct taper; then use a round nose tool and 
cut a series of grooves about inch apart, % 2 inch 
deep and about % 2 inch wide. Having completed 
these, turn each one straight, just touching the cut¬ 
ting edge. These dimensions may have to be modi¬ 
fied according to the size of the reamer. In this way 
a taper reamer has a gradual increase in diameter 
by steps, the same as the roughing chamber 
reamer. When using the second reamer, the tops 
of the serrated under-surface are easily removed. 
The step reamer as shown will answer for nearly 
all general purposes. 

Chambering reamers constructed as shown in 
Figure 56 are of the best design, and this general 
outline of construction may be followed for any 
form of chamber. A careful study of these ream¬ 
ers, pilot bushings, stops, etc., will be self-explana¬ 
tory; therefore, whatever caliber or cartridge is 
selected, only the new figures are required in their 
respective places. 

Figures 57, 58, and 59 illustrate various cham¬ 
bers with the correct diameter to construct the 


reamers intended, and since all reamers for cham¬ 
ber work are made on the principles given in 
Figure 56 it will be simple to follow the general 
outlines of construction. Figure 58 illustrates the 
chamber dimensions for the caliber .30 model 1903 
(Springfield) chamber. On the chamber diameter 
in Figures 57, 58, and 59 headspace has been left 
out, and the lengths given from the shoulder to the 
end of the chamber are for reamer sizes only. This 
end measurement together with the given length is 
for the purpose of measuring the reamer on the 
taper at this point, which gives the correct angle to 
grind it; therefore, the balance of the taper is free 
only to cut in space. For the purpose of correct 
headspace cartridges must be selected. 

Unfortunately it is difficult to give a detailed 
drawing of all the standard cartridges used in con¬ 
nection with these chambers, for it would take up 
too much space; moreover, very few students 
would have any use for such a drawing. Future 
writings may make this possible. 

It is possible in most instances to arrive at a 
very close approximation of the diameter of the 
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maximum cartridge for the measurements of a 
number of standard cartridges of the different man¬ 
ufacturers. The mean of the measurements which 
may be taken as the average or mean cartridge 
should not be taken from cartridges of only one 
manufacturer, for these may differ from those of 
some other make very slightly. A chamber should 
be satisfactory for cartridges of all standard 
makes. When starting to design a set of chamber¬ 
ing reamers, one should first obtain at least ten 
cartridges of all makes of that caliber, and the 
varieties loaded with different weight bullets. For 
comparison, using the figures given in Figure 60 




Fig. 60 

Caliber .30 Model 1903 rllle chamber, and caliber .30 Model 
1906 cartridge. Maximum and minimum dimensions lor 

manufacture ol case 

select the same caliber of cartridge as for these 
chamber drawings, measure the sizes, and see just 
what tolerance has been left between a cartridge 
case and a chamber; such an allowance can often 
be carried out for any cartridge case not listed. If 
(he chamber is to be reamed for some particular 
cartridge other than those listed, there should be 
the same tolerance between the maximum cartridge 
selected and the finished chamber reamer as there 
is between the maximum cartridge and the maxi¬ 
mum chamber in these drawings. The finishing 
reamer should be made to cut the maximum cham¬ 
ber and kept well stoned with a fine Arkansas 
stone. This reamer will cut hundreds of barrels 
and if made correctly will last the careful gunsmith 
for years. 

Most target shooters want barrels with tight 
chambers; that is, a chamber with a tight neck. 
At one time I had three different sets of reamers 
for the caliber .30 model 1903 chamber and could 
give a customer any chamber he wished, even to 
one on which it was necessary to turn the necks of 
the cartridges on a bench lathe to fit such a cham¬ 


ber. Tests were made from all three different 
chambers produced by these reamers with the 
rifles damped in the machine rest, and it was found 
that the standard chamber as made in the Spring- 
field rifle gave just as good results as these special 
chambers. Tight chambers are considered unde¬ 
sirable, tho they are fairly accurate when special 
bullet jackets can be selected that only have a vari¬ 
ation of 0.001 inch from being concentric, and as¬ 
sembled in special accurate bullet dies made to the 
correct diameter for the special barrel. Chambers 
reamed with the relative diameters shown in the 
drawings are the most accurate and satisfactory 
chambers known. Nearly all American makers of 
rifle barrels are now designing their chambers for 
any new cartridges with tolerances between maxi¬ 
mum cartridge and minimum chamber very closely 
approximating those shown here, and I cannot too 
firmly impress upon the student that he should 
follow these as a guide. 

The cutters used for fluting reamers consist of 
two forms- the radius or convex, and the angular 
cutter. The convex cutter—used to cut rough¬ 
ing reamers and also burnishers—has a width 
equal to one-fifth to one-fourth the diameters 
of the reamers themselves. The depth of the 
flute should be from one-eighth to one-sixth of the 
diameter of the reamer. The width of the land of 
the cutting edges should be about one-fifth the 
distance from tooth to tooth. The most satisfac¬ 
tory method is by trial. An angular cutter is 
often preferred to a convex cutter for milling the 
flutes on the cylindrical portion of barrel reamers 
because of the form of tooth; therefore, an 80- 
degree angular cutter, slightly rounded at the 
point, may be used. Angular cutters for cham¬ 
bering reamers vary between 60 and 70 degrees 
with the ends and are given a slight radius or are 
slightly rounded to reinforce the bottom of the 
groove. Angular milling is usually done with an 
included angle between the teelh of 40, 50, 60, 70, 
and 80 degrees. Special ones which I made up 
consist of 60, 65, 70, 75, 80, and 85 degrees in 
both right and left hand. This offers a wide selec¬ 
tion to choose from when making any form of 
reamer. 

The chamber-burnishing reamer is one of the 
most difficult to make. This reamer has no pilot 
like the other reamers shown in Figure 56, as the 
greatest amount it removes is between 0.001 inch and 
0.002 inch, and it is used after the No. 2 reamer. 
Instructions may be followed as given for the 
barrel-burnishing reamers, with the exception that 
it must be stoned completely because of the angle 
at the shoulder. The straight taper may be lapped 
to a certain extent, but better time is made with 
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a good oilstone after the cylindrical grinding takes 
place, allowing 0.002 inch oversize for the stoning 
operation to bring it to a flat sharp cutting edge. 

Barrel Drills — Drills used to drill deep holes 
are designed very differently from the standard 
production drills which most mechanics use. The 
bits or drills constructed for barrel work are made 
short and brazed to the end of a grooved length 
of tubing. Figure 61 illustrates the drill and tub¬ 
ing, and Figure 62 illustrates the grooving-tool 
holder and tube fixture which is clamped to a 
planer bed. It is also necessary to make a form 
cutter using the figures shown in the design of the 
roller in order to mill a similar groove in the barrel 
drill. These drills are made of Rex A A or AAA 


high-speed steel and hardened with a very high 
temperature in order to keep their cutting edges 
as they pass through bars of alloy steel. 

After the blanks are turned on a lathe, the small 
oil hole is drilled. The most practical and con¬ 
venient place to drill these holes is on a set-up in 
the bench lathe, using a small angle plate with 
the drill clamped in a V; once the angle plate is 
set up for this operation a number may be drilled. 
The blanks are left long enough so that a center 
can be placed on one end and they can be ground 
in the bench lathe or a grinder having draw-in 
collets. A high-speed drill press may also be used 
to drill the oil holes by clamping the drill blanks 
in a V-block or an angle-plate having an accurate 
V in the center of it. After the oil holes are drilled 
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the blank is caught in the collet, a small center !S 
drilled, and the blank is nicked on the same angle 
as the cutting edge, allowing enough web in the 
center for the following operations. When the 
blank is centered and nicked it is reversed, and 
the end is turned to a diameter which will con¬ 
veniently fit the grooved oil tube. The blank is 
then milled for the chip clearance. 


First, it will be necessary to make a drill holder 
which is only a piece of % x 2 inch cold-drawn steel; 
the length is governed by that of the drill. A hole 
is accurately drilled and reamed close to one end 
of the steel to the size of the drilled blank. It is 
then split to a depth of 1% inch with a slitting saw; 
the width should be narrow, but it makes no mate¬ 
rial difference. While the drill holder is still in 
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Gun bone! accessories, such as barrel drill holder, taper grinding gauge, and barrel counterbores 
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the milling machine vise, the holder has the top 
milled off, exposing it to a depth of three-fourths 
of its diameter which is sufficient to hold the drill 
while the groove is being milled. Figure 63 shows 
this holder. 

Having thus prepared the holder, the drill is set 
in place with the oil hole at the bottom and 
clamped in the milling-machine vise with only a 
fourth of the drill blank exposed. A piece of drill 
rod or any round steel bar is set against the holder, 
and the top of the vise clamps the blank solidly 
for the milling of the chip groove. The cutter 
should be placed as close to the center as possible 
and milled to a depth which will be just C.002 inch 
above center after it is ground. The depth the 
groove is milled must be determined so that it will 
be correct after the drill is ground to size. After 
the drill is hardened and ground to size it is brazed 
into the end of the oil tube. Figure 64 illustrates 
a simple brazing fixture for this operation. 

By clamping the drill close to the holder and 
only exposing the shank, there is no danger of 
annealing, for it is well protected from the flames 
of the brazing torch. At the same time the 
tube and drill can be held in perfect alincmcnt. 
After they are completely brazed and cool, the 
surplus spelter is filed off and the drill and tube 
removed from the holder and finished. Below 
the drill also, the groove is cleaned of spelter and 
a drill carried through the oil hole to make posi¬ 
tive that it is open for the flow' of oil. The cutting 
edge is now ground and with an end connection 
sweated in place the drill is ready to drill a barrel 
blank. 

Oil Tubing — The best oil tubing should be 
selected for drills, reamers, rifling heads and coun¬ 
terbores. Shelby tubing may be used in a number 
of instances, but the steel tubing made by Elhvood 


Ivins * is the best, for they make all their tubes of 
a high-carbon steel; therefore they have greater 
strength and resistance when placed under actual 
working conditions and twisting. Figure 61 illus¬ 
trates an oil tube as it i3 grooved for the barrel 
drill, and Figure 62 shows the planer tool which 
performs this operation, together with the oil-tube 
plate to be fastened to the planer bed. It really 
is not necessary to make such a fixture if there is 
an old planer in the shop equipment, for grooves 
can be placed in the face of the bed for the in¬ 
tended caliber, and other grooves made when 
needed. The form roll is made and a suitable 
holder constructed as shown in Figure 62. The 
roll is made on the same angle as the groove in 
the drill, and when these are brazed together there 
is a straight channel for chips and oil return. A 
groove thus formed in an oil tube as on the drill¬ 
ing operation reinforces the tube as much ns 
twenty-five per cent more than the plain round 
tube. A piece of cold-drawn tubing may be used 
successfully for this operation. 

The oil tubing used for barrel reamers should 
be as heavy as possible, and also the tubes con¬ 
necting the rilling head. Figure 61 illustrates the 
oil-tube connector made for both the .22 and .30 
caliber rifling heads; connectors intended for other 
calibers arc made on the same principle. When 
oil tubes arc sweated on barrel counterbores they 
should be as heavy as possible to give the greatest 
strength, for when the surplus metal is removed 
from the interior of a .22-calibcr barrel it requires 
a very rigid tube. 

Reamers, rifling beads, and counterbores are 
sweated to the tubes together with the connections 
necessary for the flow of oil. The sweating of 
these must achieve a very good union, and the 
heat applied to the tubes, connections, and tools 

• Fllwood Ivins Tube Works. Oak Lane Scacion. Philadelphia, Pa. 
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Caliber .22 hook-cutler rifling head 



BARREL TOOLS AND THEIR CONSTRUCTION 




6 . 



KNUR-LED 


PLUNGER.; F 


^04 WIRE SPRING^ XZ4 R.H.THREAP 




END ELEVATION 
H PLUNGER. MKF 

”—■ jJJ’ONE REQUIRED 

r— £ZlK DRt LL ROD STEEL 
[Jg w\g/ HARDENED 

END 

IT AS flWJWN LAP FIT 




PLAN 2 

HOOK CUTTER. MKG 

ON 2 REQUIRED REX AAA HIGH -5FEED -STEEL 

HARDENED AND PRECISION GROUND 


4X40TH 


O PLAN 


i/vEDuE MK H ONE required 
tool oteel hardened and ground 


scfecw n 

t -— a# 



~9$X %'SCR EW 
*’ SEAMED. 

w - -v*—-j 

h M 'I 

- 2* 


Fig. 66 

Caliber .30 hook-cutter rifling head 
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Caliber .30 scrape-cutter rifling head. Better results are produced when the cutter Is given a sharper angle 
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must only be high enough for the solder to run 
freely. 

Rilling Heads — There are two forms of rifling 
heads: hook and scrape cutters. Figures 65, 66, 
and 67 illustrate one .22, one .30-caliber hook 
cutter, and one .30-caliber scrape-cutter head. The 
illustrations of the .22 and .30 caliber heads are 
similar except for the sizes; heads of this nature 
for any other caliber are made in proportion. A 
rifling head is one of the most difficult tools to 
make for barrel manufacture. The scrape-cutter 
head is the simplest, and lor this reason I recom¬ 
mend it for the beginner to make and use. Some 
people think it is the best because a barrel made 
by this form of cutter produces the finest results 
in accuracy. This might be true if it were possi¬ 
ble to use a diamond as the scraper. It is very 
difficult to hold the fine edge required on hard 
alloy steel barrels, but if a diamond were set in 
the holder a good many barrels could be cut with 
such a tool. A perfect groove would be produced, 
free from longitudinal grooves such as a steel 
cutter leaves. The use of diamonds in making 
barrels is a future possibility, for in this operation 
great accuracy and precision are the primary re¬ 
quirements. The diamond is the only material 
that would answer this purpose completely. A 
scrape cutter becomes worn rapidly and loses its 
shape to such an extent on hard steel that the 
results produced arc inaccurate, which causes con¬ 


stant interruption of the operation to keep it 
stoned. It is a well-known fact that the diamond 
tool is indispensable for truing grinding wdieels, 
and that diamond dust is commonly used for lap¬ 
ping or grinding small precision work in various 
tool rooms where great accuracy is required. Then 
why not in the rifling of a barrel? Some day an 
enterprising barrel maker will have all his rifling 
cutters made of diamonds, and his barrels will be 
known the world over. 

As we study Figures 65 and 66—the .22 and .30 
caliber rifling heads, which are hook-cutter heads— 
we see that the principle of adjustment is very 
simple. The culler is in its released position, and 
as the head passes through the barrel, the wedge 
projection comes in contact with the release, mov¬ 
ing the wedge H back. The tension on the spring 
E causes the cutter to be moved back by the 
plunger F. The cutter G has a 10-degree angle 
on the rear portion and a 30-degree angle which 
also corresponds to the same angle in the body of 
the head. As the adjustments take place for a 
new cut in the groove, the adjusting screw is given 
a slight turn corresponding to a scraping cut of 
0.0001 inch or slightly more, and the connector J 
is moved forward carrying the wedge //. The cut¬ 
ter G is moved higher on the angle of the wedge 
and causes the former to remove the desired 
amount of metal from the groove. Only the one 
setting is required until all grooves arc cut and 
another adjustment takes place, but upon its rc- 
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Riiling-head oil-tube connection and mandrel for grinding rifling cutter 
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turn through the barrel it is released so that the 
cutter does not come in contact with the metal to 
dull the cutting edge. A constant supply of oil is 
coming through the groove in the plunger F and 
flowing around the cutter from the box. The oil- 
tube connectors shown in Figure 68 screw into the 
forward end, compressing the spring E. It will be 
noticed that the adjusting end of the head has a 
left-hand screw, whereas the oil-tube connector end 
has a right thread. It is well to sweat the latter 
in place after a head is adjusted and working 
properly. 

In the plan view of the cutter it will be noticed 
that a groove is cut in the rear portion. This is 
used to insert a hook to remove the cutter when¬ 
ever it needs stoning or sharpening. There is 
shown in Figure 68 an arbor for grinding the 
radius on a hook cutter to the exact diameter of 
a maximum groove in the barrel. This arbor is 
required for each caliber of barrel made; there¬ 
fore, one of these is also necessary, as well as the 
rifling head itself. 

The drawings of these rifling heads are as com¬ 
plete as it is possible to make them; still there 
are points and a number of figures which must be 
made by the person who attempts them. When 
making the rifling head it is best to make three, 
especially for the .22-caliber size; one may be lost 
or even two in the hardening. On the larger sizes 
it is advisable to make two, and if an accident 
should happen there is always the extra body to 
fall back on. 

A difficult part to complete is the 30-degree 
angle between the cutter and the wedge box; this 
must be filed in as it is impossible to work any 
form of cutter in the small opening between these 
two boxes. The milling of the cutter and wedge 
requires a high-speed vertical-head attachment to 
the milling machine and very fine cuts must be 
taken. Since these two boxes are opposite each 
other, the body is held in the dividing head chuck, 
and after one box is finished the head is turned 
180 degrees and the other box is milled. 

The making of the wedge and connector requires 
the closest of precision work, for these two must 
fit together without any lost motion between the 
teeth; also, the length must check between the 
cutter, wedge, and connector. The x % inch 
screw which is placed on the forward end of the 
wedge is for the purpose of removing the wedge 
from the box; othenvise it would be difficult to 
lift it out. 

The tapping of both ends of the head must be 
done with care to have them perfectly concentric 
and also to be the full depth of thread. All parts 
of a .22-caliber head are rather small, so more 


care should be used in their construction. The 
most satisfactory' steels found to make the body 
are either Stentor oil-hardening steel or Sanderson 
high-carbon tool steel. Both must be given an¬ 
nealing treatments or normalized after the blank 
is roughed out to remove all strains from the steel 
before the hardening operation takes place. If 
these annealing treatments are not given the steel 
the heads usually run out in the center, which is 
the weakest part of the body. 

The construction of the standard scrape-cutter 
head shown in Figure 67 will be self-explanatory 
to the experienced tool maker, as it is one of 
the most simple forms of head to make. The 
cutter itself is worked up from the center by 
a wedge effect made possible by the adjusting 
screw with a long tapered pointed rod acting be¬ 
tween the cutter and a projection left in the center 
of the head with a similar projection on the cutter 
A; therefore the cutting effect is relied upon by 
the spring or give of the cutter itself with the 
adjustment in the center of the tool. This cutter 
works in both directions through the barrel, or 
cuts in both directions of its stroke. 

Figure 83 illustrates an angle on the cutter 
which should be made as shown. The drawing 
illustrates a straight cutter, the easiest to make, 
but if this is set off at an angle of 20 or 30 degrees 
to the cutting edge better results are made possi¬ 
ble. When constructing one of these cutters it is 
well to change from the straight cutter to the 
angle cutter mentioned. The cutter only requires 
a gradual adjustment of the screw in order to move 
it up against the walls of the bore after it begins 
to form its grooves. The depth is only a matter 
of a number of passes through the barrel, actually 
being only 0.004 inch. The spring of the cutter 
caused by the wedge adjustment is practically nil. 
The same instructions may be followed as given 
for the hook-cuttcr rifling head, but because of the 
simplicity in the construction of this head I will 
presume that the reader has the required mechan¬ 
ical knowledge to complete cither head without 
much effort, provided he has the proper machine 
tools at his disposal. Without these it will be 
found very difficult to have the accuracy and pre¬ 
cision necessary to complete them as they should 
be. There is always one point to be remembered 
when finishing the cutter and that is to have a fiat 
portion of about 0.001 inch on the top of the 
cutter. This advice applies to the burnishing 
learners as well. 

Figures 69 and 70 illustrate a new design in 
rifling heads; one is for a .22 caliber and one for 
a caliber .30. These heads are made on the scrape- 
cuttcr or burnishing principle, except that the full 
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number of grooves are cut without moving the 
index head either on the milling or rifling machine. 
Simplicity is the keynote of these heads and it is 
possible for the average mechanic to make these 
providing he has the equipment. 1 have never 
used them in the construction of a rifle barrel, but 
because of the demand for a cheaper tool this was 
designed. The real difficulty will be found in the 
hardening, as a high-speed steel is used; but since 
most large cities have heat-treating shops there 
will be no trouble, nor will there be any in the 
small shop, providing the equipment is such that 
it can be done there. This tool may also be used 
to dean a barrel that has been neglected—by fas¬ 
tening it in the lapping head as shown in Figure 85. 

Gauges — While any tool or instrument used for 
securing or taking measurements may properly be 
called a gauge, this term, when used by tool or 
gauge makers, is usually understood to mean tools 
which conform to fixed dimensions and are used 
for testing sizes but are not provided with gradu¬ 
ated adjustable numbers for measuring various 
lengths or angles. There are exceptions, however, 
to this general classification; measuring instru¬ 
ments, such as the micrometer and vernier caliper, 
are indispensable because they can be used for 
determining actual dimensions, and being adjust¬ 
able, cover quite a range of sizes. Any form of 
adjustable measuring tool, however, has certain 
disadvantages for such work as testing the sizes 
of duplicate working parts, especially when such 
tests must be made repeatedly, and then solid or 
fixed gauges are commonly used. There is less 
chance of inaccuracy with a fixed gauge, and it is 
more convenient to use than a tool which must be 
adjusted; but, owing to the necessity of having 
one gauge for each variation in size, and because 
of the cost of a set of buttons covering a wide 
range of sizes, the simple type of gauge is usually 
selected. There are two separate gauges made for 
a maximum or minimum length for testing head 
space in a rifle chamber. The button type of 
gauge will cost almost twice as much as the mi¬ 
crometer gauge, but it is positive and can stand a 
great amount of pressure, whereas the micrometer 
standard must be used with great care in order 
not to strain the threads with undue pressure upon 
the camming action of the bolts. 

Construction uf the gauges shown in Figure 71 
requires practically all of the measuring instru¬ 
ments used by tool and gauge makers. They may 
be divided into two general classes: the tools for 
measurement of length and those for the measure¬ 
ment of tapers or angles. In these two general 
classes of instruments for length and angular 


measurements, there are many different types and 
designs. For instance, there is the adjustable type 
which is graduated and used for taking direct 
measurements in inches or degrees; then there is 
another type which is fixed and cannot be used 
for determining various sizes of angles, but simply 
for gauging or testing one particular size. There 
are also tools for taking approximate measurements 
and others designed for very accurate or precise 
measurements. 

The instruments necessary for the construction 
of accurate gauges for barrel and other work per¬ 
taining to rifles are: the vernier caliper, such as 
the height and depth gauge, and the caliper mi¬ 
crometer, bevel protractor, sine bar, indicator, etc. 
W ith these it is possible to make tools and gauges 
calling for fine precision measurements given in 
these drawings. In the construction of gauges, it 
is a well-known fact that hardened pieces of steel 
will undergo minute but mcasureable changes in 
form during a long period of time after the hard¬ 
ening has taken place. These changes are due to 
the internal stresses produced by the hardening 
process which are slowly and gradually relieved. 
To eliminate slight inaccuracies which might re¬ 
sult from these changes, steel used for gauges and 
other barrel tools requiring a high degree of 
accuracy is allowed to season before being finally 
ground and lapped to the finished dimensions. To 
relieve the stresses and overcome the long delay 
of storage seasoning, the hardened tools and 
gauges are heated in oil at a temperature of about 
325 degrees Fahrenheit for a period of ten hours; 
thus the internal stresses which cause the changes 
are practically eliminated. Of course, you can use 
the old method known as the hot and cold water 
bath. The steel so treated is rough-ground quite 
close to the finished size and is then immersed in 
a bath of boiling water, which causes the gauge 
or tool to expand; then it is dipped in a bath of 
ice-water. The repeated expansion and contrac¬ 
tion cause the molecules to settle into a permanent 
form. 

A number of various gauges for the chamber of 
a rifle are also necessary if many barrels are to be 
produced. Figure 72 shows a complete set of 
chamber gauges made for the .30-06 chamber. I 
do not want to give the reader an impression that 
he must make a set of gauges for all chambers; on 
the contrary, if you have the proper confidence in 
your own ability to make correct measurements it 
is not necessary to construct so elaborate a set of 
gauges for one or two barrels, or even a dozen; 
but it is possible to make a few temporary gauges 
of soft steel to check measurements that you may 
be in doubt about. Plug gauges are necessary to 
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check the bore of a barrel, especially when pilots 
are used on the barrel reamers. These gauges are 
intended as a practical working standard. The 
internal measurements of a barrel should have a 
tolerance. Figure 60 gives these, but you may 
wish much closer measurements, so they may be 
adopted as standards and the plug gauges made 
accordingly. The plain cylindrical end of a plug 
gauge is ground and lapped to the exact diameter; 
these are the standards and must be adhered to 
very closely in all barrel work. 

Gauges for the depth of groove or the rifling 
are made in different forms. Plug gauges are also 
constructed for this purpose with the lccd of spiral 
for the intended twist. When constructing such 
gauges, only two spirals or gauging points are cut; 
these are opposite each other and only two grooves 
are gauged at one time. The construction of spiral 
gauges is done in a milling machine—shown in 
Figure 73—and the dividing head is set up to the 
leed of spiral desired. With a high-speed vertical 


milling attachment set in position, a small-end mill 
is used. First, the width of groove is milled, both 
top and bottom; then the land clearance is grad¬ 
ually milled out below the depth, which would be 
equivalent to at least 0.010 inch clearance. The 
fine end-mill marks are filed out with a fine needle 
file and the surface is polished. After they are 
hardened the outside diameter of the spiral is 
ground to the desired sizes for the depth of the 
groove. A series of such gauges should be made 
in steps of 0.0001 inch; with these it is possible 
to tell if there are any tight or loose places in the 
grooves, and at the same time know the true size 
of groove, not only in width but in diameter to 
the bottom of the groove. There are also the thin 
checking gauges made from % 2 -*nch ground gauge 
stock, as described in Chapter XI; these are used 
to check the depth of rifling when rifling a barrel. 

When making a chambering reamer, two gauges 
should be made to set the sine bar so that the 
exact taper can be ground. The ring method of 
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testing these tapers is the most accurate. In Fig¬ 
ure 59, illustrating barrel chambers, two sizes are 
given on the body taper of the chamber. Two 
rings are made, one for the size of the body at the 
shoulder and one at the base or end. Figure 63 
illustrates this gauge. The test rings arc turned 
to diameters B and C and located on a ground 
arbor, allowing the length of the latter to be l 1 /* 
inches longer than the greatest distance between 
two given lengths in any of the chambers illus¬ 
trated. The rings may be hardened and ground 
to the exact diameters and the center hole also 
lapped so that it is just possible to slide the rings 
along the arbor. A is the given distance to locate 
the rings apart. After setting the rings to this 
distance, the sine bar is set up on an angle plate 
and clamped to the surface plate. An accurately 
ground parallel is used for the bottom gauging 
point. After adjusting the sine bar until it fits 
tightly on each ring to the given distance A, a small 
pointed indicator may be set at the point where the 
small ring touches the sine bar and parallel. Be 
sure that when grinding the taper this will be the 
point of the exact diameter, and allow 0.001 inch for 
stoning. This method of gauging such tapers is 
positive and eliminates all guess work or trying to 
measure these two points with a micrometer. 

Barrel Counterbores — There arc two forms of 
counterbores used to enlarge the bore in a rifle 
barrel, and for the purpose of setting in liners or 
rifled tubes. Figure 63 illustrates the two differ¬ 
ent forms. A is for a large bore where it is only 
necessary to remove a small amount of material, 
and B is for a small bore removing considerable 


stock from the bore. The chips are forced out 
from the rear with the oil pressure; whereas in A 
the chips are forced ahead through the grooves in 
the pilot. These tools are sweated to oil tubes so 
that it is possible to get sufficient oil pressure to 
remove the chips as the tools remove the metal. 
These are very simple tools to construct, as the 
illustration shows, and very practical for such an 
operation. 

Accuracy is essential in practically all of these 
tools and in gauge-making operations and the 
standard methods of tool work as carried out in 
various chapters. Readers of mechanical literature 
who are mechanics will be familiar with this in¬ 
formation, but the man who is just learning this 
class of work should consult reference books, of 
which there are many. Many subjects of this na¬ 
ture cannot be covered adequately in all their 
phases; if I were to cover the subject as it should 
be, it would be necessary for me to consult such 
books and merely copy the information. These 
subjects could be more comprehensive and have 
more detailed information, but I am assuming that 
the reader is far enough advanced in mechanics 
to carry out the ideas I have placed before him. 
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CHAPTER X 


Barrel Drilling and Reaming 


F T THIS and (he following chapters I shall guide 
the student step by step through the art of bar¬ 
rel making from a different angle. The standard 
machine tools used in modern production will not 
be employed, but the barrel-making tools will be of 
standard design. We shall limit ourselves to a lathe 
and a milling machine. The entire operation may 
be accomplished on a lathe, but by using a milling 
machine it is possible to secure any leed of spiral. 
When a lathe is used altogether it requires many 
hours of work and necessitates making wooden 
drums with a cable connecting two dissimilar sizes. 
Sprockets and chains could be used, or even a rack 
and pinions on the back of the lathe to turn the 
spindle; a number of ways can be devised, but the 
milling machine affords a more simple and practical 
method. 

Undoubtedly, some people will think these chap¬ 
ters a bit absurd, but before any one lets pessimism 
govern his attitude, allow me to cite, as an example, 
the barrels turned out by Harry Pope. There are 
men who would pay any price for a barrel with his 
name stamped on it; yet if you were to walk into 
his shop and purchase the lathe on which these 
super-accurate barrels are made, and were to give 
him over fifty dollars for it, it would be through 
the generosity of your nature. Nevertheless, for 
years he has turned out barrels on this lathe which 
have never been equaled by modern machinery. 
Naturally, I do not contend that a lathe should be 
used in preference to modern equipment, nor am I 
considering speed, number of operations, or number 
of barrels produced. This information has been 
written primarily for the man who cannot afford 
an elaborate set-up and must do the best he can 
with what he has at hand. If one is fortunate 
enough to possess the complete equipment, the 
chapter on barrel tools will be a standard in both 
cases. 

The drilling of barrels was formerly done by 
hand and was regarded as a mystery. Today it is 
simply a mechanical operation differing only in 
degree from the making of other parts or tools. 
Nevertheless, the barrel is the most important part 
of a weapon, and care must be bestowed on it 
After certain limits of accuracy in manufacture 
have been passed, there are no means of knowing 


whether (he barrel will be an exceedingly accurate 
one, or whether it will only pass the ordinary test. 

When the steel comes from the mill the barrel is 
rough-turned to the exterior shape or only the end 
turned, as will be suggested later, and drilled. The 
drilling may be done “stiaight through” from end 
to end in one operation, as Figure 75 illustrates, on 
a standard barrel-drilling machine, or when a lathe 
is employed it may be started at both ends and 
meet in the middle. In drilling and reaming, the 
drill bits and barrel reamers slide horizontally along 
the bed of the lathe while the barrel is caused to 
revolve. Lard oil which acts as a lubricant is 
pumped into the hole as the work proceeds, and 
washes out the chips or “swarf.” The bore must be 
straight and concentric with the exterior. Straight¬ 
ness is tested by light and shade effects caused by 
the multiple reflections of the muzzle down the bore. 
The slightest lack of concentricity in these repeated 
circles is an indication that some correction must be 
made. This correction may be done by means of 
blows struck on the exterior of the barrel with a 
copper or babbit hammer, but modern methods 
favor the use of a special barrel-straightening press. 
For testing concentricity of the bore, full details 
will be given later in this chapter. 

In their order, tools are made for the caliber and 
cartridge intended. For drilling a barrel, the drill 
and oil tube are made, and then the other necessary 
work upon the lathe is done, which enables one to 
carry out the operation without trouble. A lathe 
can be used for the drilling and rough-reaming 
without removing the blank from it. Our choice is 
a lathe with a l^-inch hollow spindle with two 
chucks, as illustrated in Figure 76. If you have not 
a lathe with a hollow spindle as large as this, select 
one with a long bed in which it is possible to use a 
three- or four-jawed chuck and steady rest; how¬ 
ever, if this is to be a continuous operation it will 
be advantageous to purchase a second-hand lathe 
and fit it up, making the chucks as shown in Figure 
76. Remove the first adjusting nut on the opposite 
end of the spindle and make a chuck which will 
serve two purposes: to hold the barrel and turn the 
center for a belt connection. This provides a drive 
to connect a high-pressure oil pump which can be 
located on brackets fastened to the legs of the lathe. 
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Fig. 75 

Rifle-barrel drilling machine in operation 


The front chuck can be screwed on the spindle and 
made either of cast-iron or cold-drawn steel. In 
making the chucks, four set screws are used in each 
one (Allen headless screws preferred) to true up 
the barrel blank. 

A suitable pan of tin or galvanized iron is made, 
both for the back and front of the lathe, to catch 
oil; also a hood of tin to go over the front chuck 
with an elongated slot for the oil tube, which can be 
removed at will; and finally a tank for the returned 
oil. Suitable oil strainers should be made so that 
no chips can return to the oil pump and obstruct 
the flow of oil to the drill. The usual practise is 
to make an angle plate, as illustrated in Figure 76, 
to clamp to the cross slide where the tool post is 
situated. This is made of cast-iron or machinery 
steel, and since there are adjusting features for 
height, the correct location for center can always 
be held. Altho the tubing is comparatively light, 
construct a wooden frame to hold the drill tube in 
the center and at the end, so that it will not lag. 
Wooden brackets may be made in place of the 
wooden frame, and these can be clamped on the 
ways of the lathe and moved along as the drill ad¬ 


vances in the barrel. A rather heavy rubber hose 
is connected between the nil pump and hose con¬ 
nection. as shown in Figure 61 . Fasten with suit¬ 
able clamps, which can be easily removed when 
changing from the drilling to the reaming operation. 

Since it is not of importance to use a larger steel 
bar than 1% C inch diameter, there will be ample 
room for the adjustment of the set screws; this 
encourages it to run perfectly true. Before setting 
the bar in place, center it on one end only; this can 
also be done before the removal of the tail stock 
from the lathe or the setting of the angle plate to 
hold the drill. Turn back a true surface and just 
remove the scale for about 1 inch. This affords an 
opportunity to have it run absolutely true between 
the two chucks with the set screws. Only allow 
about 1 inch to extend from the nose of the chuck 
where the drill starts. By turning this straight por¬ 
tion the blank may be trued whenever it is neces¬ 
sary to remove it. It would do no harm to turn 

* 

the opposite end also for truing purposes. 

Before drilling, place the steel in a furnace to 
normalize it and remove all strains in the bar. 
Hold the heal in the furnace between 1350 and 
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Fig. 77 

Barrel-drill end, showing the cutting edge, oil hole, and 
chip groove. Study this illustration when grinding point 

of tho drill 

1450 degrees Fahrenheit for one hour, and then 
turn the furnace off and let it cool with the bars. 
Usually the most convenient time to do this is in 
the afternoon, removing the following morning. To 
remove any strains that might occur, anneal the 
bars after rough-turning and reaming. This pre¬ 
caution eliminates any possibility of ever having 
the barrel change in firing. Frequently you will get 
annealed bars from the steel mills that have been 
cut off in powerful shears; in such cases the re¬ 
sulting ends have a tendency to change positions 
when the barrel is not perfectly normalized before 
the drilling and turning operation takes place. In 
general, the necessity of straightening is not due so 
much to the fault of the steel as to heavy lathe cuts 
and turning tools which have not been ground cor¬ 
rectly. We have had such barrels, after they be¬ 
come warm, change in grouping as much as 6 
inches. One, which was tested after being com¬ 
pleted, changed in grouping in rapid fire as much 
as 14 inches. It remained in that position and 
necessitated the construction of a special front 
sight. 

Assuming that all set-ups arc made with the drill 
clamped into place in the V angle plate, the barrel 
may be drilled. The finest feed on the lathe must 
be used and watch kept that the drill does not clog. 
The feel of the drill in the fingers will give evidence 
of this. The feed of the carriage must he slow, and 
the feed locking nut should never be tight; it should 
have only enough friction tightness so that if any 
undue pressure is exerted upon the drill it will have 
a tendency to cause the friction clamp to slip on 
the feed. A very fine ribbon chip should be main¬ 
tained, passing out freely with the oil pressure. 
Lathe speed of approximately 1500 r. p. m. should 
be maintained. The regular double-head drilling 
machine can only drill a barrel between 30 and 34 
inches long unless two separate drill rods are em¬ 
ployed; however, in the operation given above, one 
is not confined to any specific length, provided the 
milling machine has a long table. Figure 77 shows 
the drill ground so that it has a small flat on the 
point; this will keep a true center and emerge true 


at the opposite end of the bar. The chip groove 
must be only 0.002 inch above center (if not ab¬ 
solutely center), for if it is 0.002 inch below the cen¬ 
ter a wire will come out through the chip groove; if 
the wire should catch in the drill tube the entire 
effort will be destroyed and the drill lost in the 
barrel. If this should happen, the barrel must be 
divided to recover the drill at the point of fracture. 

In the drilling of the different alloy steels such 
as 3 j /2 per cent nickel steel, spots will be encoun¬ 
tered that are inclined to throw the drill off center 
slightly, but it will find its position again if the 
point is ground correctly. 

To maintain the speed and feeds recommended 
in the foregoing, it will be found necessary to use 
the best grade of lard oil. The friction feed is more 
satisfactory to use than light feeds, as a straight 
hole is produced when the drill is forced to such an 
extent, even tho it is ground perfectly. 

After the drill has passed completely through the 
barrel, reaming and rough-turning follow, and then 
straightening. You may find that the drill’s exit is, 
say, %t * n ch off at the opposite end of the bar; 
in that case remove and turn the barrel, using the 
drilled hole as centers, and starting the taper on 
the end at which the drill ran out. After rough¬ 
turning the barrel to half the desired finish size, 
check the bore for straightness. If it is very 
crooked, straighten and normalize as previously 
described. The succeeding description may seem 
somewhat technical, but J shall presume that the 
reader has the mechanical understanding to com¬ 
prehend it. 

Barrel Straightening — Barrel straightening 
must he practically self-taught, and to accomplish 
this it will be advisable to practise by the old 
method, then by the more modern method, and 
lastly by the present method—the overhead clamp 
with three fingers, the two lower ones being sta¬ 
tionary and the inner one movable, actuated by a 
heavy double screw. 

The oldest method employed was to stretch a 
fine steel wire inside the barrel from end to end, 
touching the sides at each end. One side of the 
barrel was hammered until it touched all along the 
wire. The wire was then moved to the opposite 
side of the barrel and if it touched all along the 
wire it was straight. The fixture illustrated in 
Figure 78 may be employed in this operation as 
well as in others for barrel straightening. 

The method of shading the inside of barrels is 
much better and quicker if once practised. To de¬ 
termine whether a barrel is straight, hold it a few 
inches from your eye upon the knife-edge rolls 
shown in Figure 78 with one end of the barrel 
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pointing toward the top of a high shop window. 
The rays of light being horizontal, and the fixture 
and barrel at a slight angle, about half the bore 
will be in shadow; if the shade is irregular the 
barrel is bent or crooked. If the shade is perfectly 
level from breech to muzzle as the barrel is being 
turned around, the barrel must be a perfectly 
straight one. To straighten a barrel that is already 
finished, you should note where the swellings appear 
on the shade, and strike the barrel in those places 
with a hammer of lead upon a hollow anvil also 
padded with lead. If it is still in the rough, the 
padding may be removed for a more solid founda¬ 
tion. It can also be straightened from the indenta¬ 
tion of the shade, in which case the barrel must be 
struck on the opposite side to the one shown on the 
indentation in the shade. After becoming skilled 
in this operation you can make a barrel perfectly 
straight with a few taps of the lead hammer. 

A simple expedient for detecting the straightness 
of a gun barrel is as follows: Place the barrel at a 
slight angle in the fixture. Make a small frame, 
cover it with white tissue paper, and place it about 
six feet from the muzzle of the barrel, facing the 
window and good light. Point the barrel toward 
the top edge of the frame, and a dark shade will at 
once be seen upon the bottom side of the barrel. 
Turn the barrel around upon the rolls and if the 
shade keeps a perfectly true edge, the barrel is 
straight. Place, at any point between the frame and 
fixture, a lighted candle about three inches below 
the barrel. This test will cause the barrel to bend, 
and an irregularity in the shade will be immediately 
observed; when the light is removed, the barrel will 
return to its original form or very nearly so. This 
experiment can be carried out with a perfectly 
straight barrel. Use the candle a number of times 
to see the shaded lines and to observe by removing 
the candle, and the barrel will return to its original 
straightness. 

The following explanation will probably give the 
reader a better understanding of barrel straighten¬ 
ing. The barrel is revolved between the two knife- 
edged rollers on each end, and it is then possible to 
see the different light reflections as you revolve it. 
By this means you can straighten a barrel to a 
greater degree of precision than by any other proc¬ 
ess unless you visualize it for deviations from its 
long axis. Under these circumstances every part of 
the surface is a mirror and should register an image, 
true to the laws of light-ray reflection, which, when 
normal, pronounces it perfect; for the slightest 
deviation will cause a manifest distortion of that 
image in the process of straightening barrels, by 
the reflecting broken lines. After drilling the barrel 
we have a very rough surface, and the internal 


mirror is not secured until a reamer has passed 
through. Then we proceed to ream the barrel, as 
described further on. Reaming eliminates a con¬ 
siderable amount of the rough surface and gives the 
interior a mirror-like appearance; thus the light 
rays can be detected more easily. Whatever objects 
are reflected to the eye from any portion that lies 
beyond a certain distance, will be reflected under 
very small angles of incidence. Naturally the in¬ 
terior surface of a barrel is not a technically true 
mirror, and the reflection image can not be correct 
for the reason that for every 0.001 part of an inch 
that a barrel may be out, a marked difference is 
registered. If the bore is straight the image will 
show a normal distortion, due to the transverse of 
the mirror. Suppose there are longitudinal flexures 
or crooks; in this case, there will be abnormal dis¬ 
tortion of the image, which will reveal the defect. 

When the eye looks through a gun barrel the in¬ 
terior surface appears to be spread out in a circular 
disc as far from the eye as the other end of the 
barrel. Through the center of this disc is a circular 
orifice, and surrounding it, at equal distances from 
each other, are several well-defined circles dividing 
the disc; thus the second, third, fourth, etc., are 
images formed by light reflected two, three, four 
times. In order to see how these images arc formed 
and to find their respective points of location in the 
bore, turn the barrel in the fixture and you will see 
the changes that take place, by the breaking up of 
these images. It will be observed that these images 
arc located at a certain point in the bore nearest 
the eye. In two-thirds of the length of the bore, 
none of these images appear, so it is to this part of 
the bore that you must direct your attention, for it 
is here only that you can cause the reflections to 
appear which disclose the crooks in the tube if any 
exist. When this part is straightened, reverse the 
barrel in the fixture and work to the opposite end 
to see if the images appear pronounced. Figure 78 
will give a fairly definite explanation of the above. 
If the bore is perfectly straight the set will always re¬ 
main a true and a symmetrical parabolic form grow¬ 
ing more and more pointed toward the apex until it 
reaches the further end of the tube, but if there is 
even the slightest flexure or crook in it, the para¬ 
bolic figure of the image will be distorted. If a 
distortion is discovered, revolve the barrel slowly 
about its axis after it is retained in the rest on the 
knife-edged revolving rollers, and you can then 
easily detect the slightest deviation. Of course it 
will require experience to tell how far the point of 
distortion is from the eye, but when that is learned 
you will be able to place your forefinger at this 
point, holding it there until you place the barrel on 
the anvil or overhead press to straighten and tp 
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Fig. 79 

Standard method of straightening rifle barrels in the Remington Arms plant and othor arms manufacturing plants 


know how much clastic limit the steel will require 
to bend it the correct amount. 

Before the overhead screw press came into use, 
the method used was to place the barrel upon two 
wooden stands or V's, the barrel facing a window 
across which a wire was stretched. Where the bend 
was discovered, the barrel was laid on a hollow 
anvil in which two pieces of lead were used to pro¬ 
tect the finish. The striking was done with a lead 
hammer at the position of the bend. This method 
is superior to the modern overhead clamp press 
when rifle barrels arc made from the proper steel 
and given the proper heat-treatment. A hammer 
blow docs not break the steel structure as docs the 
sudden twist of the overhead screw clamp. The 
hollow anvil and hammer method is far more diffi¬ 
cult to master for the person who is just gaining 
experience, but once mastered, better results will be 
obtained. The beginner must learn to regulate the 
blows of the hammer, making it produce the desired 
results without any effort. Since weights of bar¬ 
rels vary, the larger the barrel and the nature of 


the bend, the heavier the blows that must be struck 
upon the tube; and because this required force 
varies so, the truing or straightening will require 
more time. For the person who is just starting to 
do this work, it will be convenient to use chalk on 
the point hammered to tell just where the location 
was and also to tell just how much good was ob¬ 
tained from the last blows struck. 

Nearly all the large arms plants use the overhead 
clamp press for straightening barrels. Figure 79 
show's the clamp in use. The lower side of this 
device has two heavy steel fingers about six inches 
apart; between them is the center finger which is 
fastened to the screw; the pressure is regulated by 
the large hand wheel. The barrel is pointed directly 
toward a shop window which has a small rod, lath, 
wire, or a clearly visible line in front of it, throwing 
a distinct shadow along the bore at the bottom. If 
the shadow’s edge appears perfectly straight, the 
barrel is straight in its entire length. If the shadow' 
breaks or show's a curve or bend you will know 
there is a crook or bend at that point. 
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The skill of the beginner in using one of these 
presses lies in his ability to judge by eye the exact 
location of crook or bend and its proper location 
and direction or position, and to slide the barrel 
backward or forward on the lower fingers to the 
exact spot. In order to straighten the bore, turn 
the wheel to the required amount of pressure. This 
is accomplished by sudden jerks, giving the barrel 
a springing effect as tho sudden blows were struck 
with a hammer, except that these are more severe 
on the steel. By watching the shadows carefully 
it only requires a few minutes to straighten any 
barrel. Care must be used in this operation so 
that too much pressure is not placed upon any size 
of barrel. The only pressure required is that of the 
short, sharp jerks of the wheel, which is enough to 
bend the barrel slightly in the opposite direction— 
just sufficiently so that when it springs back it will 
return to a straight line. Too little pressure will 
not remove the crook permanently, and too much 
will place a bend in it the opposite way. If you 
have a press of this nature it will be well to test 
both methods and judge the best results between 
the press and the hammer and open anvil. 

Roaming — Let us suppose we are completing a 
.25 caliber. An allowance of .012 inch is made for 
the reaming; therefore the drill is made to measure 
.238, the first roughing reamer .244, and finishing 
reamer .247. This now allows .003 inch for the 
burnishing reamers. Figure 54 shows the roughing 
reamer, which is made on the same principle as all 
the other reamers, except that it only has four 
flutes, and finishing and burnishing reamers have 
six flutes. It is now in order to complete the 
reamers and sweat them to the oil tube. Make the 
necessary fixtures for the end of the tube, like those 
made for the drill tube with a hose connection, 
('lamp the tube in the V-fixture on the cross slide 
of the lathe in the same manner as the barrel drill 
was clamped. As this is drawn through, reverse 
the feed and start the machine. It is not necessary 
to change the clamp of the tube in the V-fixture on 
the cross side, as this can move back to a much 
greater distance without undue strain upon the tube. 
Provisions were made in the drilling operation to 
extend the oil pad back far enough to catch the oil 
as it passes from the rear end of the barrel. After 
the roughing reamer is passed through, pass the 
finishing reamer and check the alinement. The 
barrel is now turned to the desired size, allowing 
% 2 inch for finishing; to complete this process, 
pass first, second, and third burnishing reamer, to 
bring bore to the desired size of .250. These are 
illustrated in Figure 54. 

The oil pressure need not be as strong as it was 


in the drilling operation; accordingly provisions 
must be made for a valve to reduce it. It is only 
necessary to remove the fine chips that follow the 
reamer. Figure 54 shows the spiral reamer, but its 
employment is not necessary; a straight reamer 
answers the same purpose except that the former 
eliminates much of the chatter which follows when 
the straight reamer is not made exactly as it should 
be. This point should be taken into consideration 
thoroughly, as the burnishing reamers will not be 
able to cut out some of the deep chatter marks left, 
and these will have a tendency to pick up metal if 
not entirely removed. Burnishing reamers are the 
only kind that will eliminate all tool marks and 
leave the bore a perfect mirror surface, doing away 
with minor abrasions that a regular cutting reamer 
leaves and which can be seen under the magnifying 
glass. As you look through the barrel, after the 
finishing reamer has passed, a mirror-like surface 
presents itself; however, if you should take that 
same barrel and scctionalize it, you would find deep 
scratches that the tool left. After passing the 
burnishing reamer through, observe a small section 
and you will see the difference in the results of 
these two forms of reamers. If one wants to elimi¬ 
nate the least possible error in the finished barrel, 
it is necessary to have three reamers, .001 in steps, 
which, after passage in order of size, will be fol¬ 
lowed by the most desirable results. 

After the roughing reamer is passed through the 
barrel it is checked for straightness, and since the 
rough interior finish has been removed the shadows 
may be seen more distinctly. When reaming barrels 
it is advisable not to have any more material to be 
removed by the reamers than is absolutely neces¬ 
sary. When drilling rather hard barrel steel, fre¬ 
quently 0.010 inch left for a reamer to remove is 
hardly sufficient, but as the size of the bore in¬ 
creases in rifle barrels, drills must be comparatively 
reduced in size to allow more for the roughing 
reamer to remove. 

The student will find various reasons for the 
inefficient working of a roughing, finishing, or bur¬ 
nishing reamer. The most common are: (a) chat¬ 
tering. when the flutes are not evenly stoned, milled 
back of center, or when they are stoned with too 
great a clearance; (b) chips clinging to the flutes, 
caused by a high revolving velocity, or the flutes 
being stoned out, allowing saw teeth to form on the 
cutting edge; (c) enlarged holes caused by the 
reamer cutter being oversize—often from holding 
the oil tube too rigidly. A floating holder should 
be provided which is held in the V holder, for with 
this it is often possible to ream a barrel on a lathe 
without any change. There are various methods 
adopted to prevent reamers from chattering; I have 
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found that when making these tools it is advisable 
to test them in a sample piece of metal and con¬ 
tinue to stone the high point until an even full chip 
is noted in each flute. This edge is kept by rub¬ 
bing an Arkansas stone over the flutes lengthwise 
before a reamer is pulled through the barrel. A 
free supply of oil must be continually flowing to 
keep the reamer well lubricated. 

The surface speed for reaming should be rather 
slow; on a regular barrel-reaming machine, the 
reamer turns; but on a lathe, the barrel turns and 
the reamer is stationary. Instead of using an open 
belt with a high speed to drill this, it now requires 
a slow speed with the back gears in position. The 
feed can be made faster when used for drilling, as 
a barrel reamer is pulled through and used for a 
greater depth and has more cutting edges in contact 
with the barrel. For the roughing reamer you can 
use a feed twice as fast as that for finishing. When 
a good supply of lard oil is used, the burnishing 


reamer should have a very slow feed as well as a 
slow speed. Usually three reamers are used for this 
operation in order to obtain the finest results. A 
steady flow of oil must be passing through to re¬ 
move the fine chips, and before the next reamer is 
used the barrel should be wiped out thoroughly. 

After the roughing reamer is used, the barrel is 
checked for straightness and then turned down 
within V32 inch of the finished size, and again nor¬ 
malized. The barrel is again checked for straight¬ 
ness. If perfect, the burnishing tools are next in 
order and the bore is ready for the rifling operation. 

After the drills and reamers are made—and kept 
in order—many barrels can be turned out with 
them. It is a simple operation, and with this in¬ 
formation and the tools to produce a barrel, the 
student will become enthusiastic over the results, 
especially when he has the tools working perfectly. 

The following is a table of drill and reamer sizes: 



Drill 

Rough¬ 

Finish¬ 

1 st 

Burnish¬ 

2nd 

Burnish¬ 

3rd 

Burnish 

Caliber 

Diam¬ 

ing 

ing 

ing 

ing 

ing 

eter 

Reamer 

Reamer 

Reamer 

Reamer 

Reamer 

.22 

.207 

.212 

.2 145 

.2155 

.2165 

.2175 

.25 

.238 

.244 

.247 

.248 

.249 

.250 

6.5 mm. 

.244 

.250 

.253 

.254 

.255 

.2563 

.270 

.256 

.264 

.267 

.268 

.269 

.2703 

7 mm 

.262 

.270 

.2 73 

.274 

.275 

.2766 

.30 

.285 

.293 

.297 

.298 

.299 

3003 

.303 

.285 

.297 

.300 

.301 

.302 

3033 

.32 

.295 

.304 

JOS 

.309 

310 

3113 

.350 

.332 

343 

.347 

.348 

349 

3504 

.375 Mag. 

.350 

.360 

.364 

365 

366 

3673 

.404 Mag. 

.397 

.407 

.411 

.412 

.413 

.4143 

.405 

.338 

.398 

.402 

.403 

.404 

.4053 

.45 

.430 

.443 

.447 

.448 

.449 

.4503 
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T HE method by which rifling is placed in a gun 
barrel has been a source of mystery to users 
of rifles as well as the trained mechanic, and our 
best men often spend hours trying to solve the 
problems of the operation. Since the adoption of 
the breech system of loading, involving the use of 
brass cartridge cases and both lead and jacketed 
bullets, we have seen many different systems of 
rifling on the interiors of gun barrels. By loading 
the rifle from the breech instead of from the muzzle, 
it is possible to use a bullet of a size to fill the 
grooves of the bore; thus gas escapement is pre¬ 
vented, and as the bullet takes the rifling, accurate 
shooting is possible. Instead of deep grooves and a 
soft spherical bullet that was necessary for the 
old muzzle loader, we now require jacketed bullets 
of cupro-nickel, or a copper alloy, and a shallow 
groove for our modern projectiles in high-velocity 
arms. 

The shape and depth of the grooves in our 
muzzle-loading rifles were of no marked importance, 
but in our modern barrels a bullet much larger 
than the grooves of the rifling causes undue 
pressure, particularly a jacketed bullet. Still, a 
lead bullet fired in the same barrel can be made 
slightly larger and fired independent of the rifling 
and depth of the groove. In our modern weapons 
using metal-cased bullets, shallow grooves are im¬ 
perative and the nearer the rifling is made to the 
smooth bore the finer the results in accuracy will be. 

The rifling with which the name of Medford is 
associated, consists of wide grooves and narrow 
lands, or the lands and grooves of equal width and 
the rifling of a uniform depth of 0.004". This 
system has proved best, altho there are slight modi¬ 
fications of the number of turns in the twist or 
spiral of the rifling. Mr. Medford laid the foun¬ 
dation far the most successful rifling, and altho 
others have done an enormous amount of fairly 
successful experimenting in later years, it was im¬ 
possible to find a more perfect system than his. 
You can still find advocates of the oval system of 
rifling with which the name of Lancaster is asso¬ 
ciated—a system for large-bore rifles. Applied to 
modem high-power weapons, however, such a sys¬ 
tem prevents the accuracy desired and is not ap¬ 
plicable to all barrels—that of the Newton rifle. 


for instance. Altho the latter had a good action, 
the barrel unfortunately was very poor, for this 
point of rifling in design appeared to have been 
overlooked by the experts who decided upon the 
rifling to be adopted. 

The Rigby method of rifling looked more like 
a ratchet as it was viewed through the barrel; the 
deeper part of the groove was on the driving side 
as the bullet was forced through the barrel, so 
that when it rotated during flight it would cause 
the least possible aerial friction. Therefore, our 
present success with rifling can be linked up with 
the Medford and Rigby systems, developed over 
a number of years. Of recent years all barrel mak¬ 
ers of reputation, together with the arsenals of 
the various nations, realized the advantage of this 
rifling. Combining the two riflings—such as hold¬ 
ing the square side of the Enfield and modifying 
the Rigby by a slight radius to the driving side 
of the groove—proved to be nearer the ideal rifling 
for extreme accuracy. The depth of rifling should 
not be greater than is necessary to grip the bullet 
and prevent it from “stripping” within the barrel. 
The nearer the bullet is to a perfect cylindrical 
form free from deep grooves produced by the 
rifling the less will be the resistance it offers to air. 

Rifling consists of cutting away the interior of 
a drilled and reamed blank of steel in such a man¬ 
ner as to form spiral grooves upon its surface, the 
purpose of which is to guide the bullet down the 
barrel, forcing it to turn upon its own axis like a 
top, and at the same time impart to it a revolving 
motion which it will retain during its entire flight. 
By such means it equalizes any irregularities and 
lessens the tendency to depart from a straight and 
direct course. The rifling is done on a modern 
machine which pulls the rifling head through the 
barrel and is so arranged that any angle of pitch, 
turn, or shape may be given to the grooves. The 
remaining sections left by the grooves in the in¬ 
terior of the barrel are given the term “lands.” 

The enlargement of a rifle barrel has often been 
a means of using it for another caliber after it has 
become worn. Such an operation is possible, but 
the enlargement done by a manufacturer usually 
costs as much as a new barrel. Those, however, 
who wish to accomplish this with the set-up given 
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for the standard drilled barrels may do so with 
a slight alteration from the standard set-up, which 
will be discussed later in this chapter. 

The spiral or twist in different modern calibers 
varies from one turn in twenty inches to one turn 
in eight inches. The longer the bullet in respect 
to its diameter the quicker must be the spiral in 
order to maintain a higher spinning effect, thus 
establishing greater stability during the flight of 
the bullet and keeping its point on instead of letting 
it turn over. This is one reason why such a fast 
spiral is given the 6.5 mm. barrel. The spiral in 
our caliber .30 Model 1903 barrel is one turn in 
ten inches. Different weight bullets perform with 
equal results, and still the higher the velocity the 
slower the spiral; this has been proved by experi¬ 
ments such as one turn in twelve inches and also 
one turn in fourteen inches, but the latter spiral 
is not so good on long-range shooting. The main 
object is to design a barrel with the correct rifling 
and the desired twist that will not allow a bullet 
to keyhole. Some rifling is so designed that fair 
accuracy is possible on short ranges, tho after that 
has passed there is a tendency for the bullet to 
keyhole because of reduced velocities. Many 
.22-caliber rifles come in which keyhole the bullets. 
After checking into the cause it is found that the 
barrel is so enlarged in diameter that the bullet 
does not take the rifling. It is much better to have 
a little faster spiral in a barrel than a slower one 
to handle various defects found in bullets. The 
faster the spiral and the wider the lands the 
greater the friction; therefore the design of faster 
twist requires the reduction in lands as well. 

Measuring Bores — The arsenal takes the final 
measurement of the bore of a rifle barrel with an 
instrument called a “star gauge,” but since this 
is only made to measure the bore of a .30-caliber 
barrel, various other means must be employed by 
the student. Chapter XVIII explains the common 
method used with a lead plug. A star-gauged bar¬ 
rel is simply one which has been measured by this 
instrument and found to come within the tolerance 
set, which is 0.0005 inch on a caliber .30 barrel. 
All National Match barrels are star-gauged, and on 
the muzzle is found a small stamp in the form of a 
star which shows that the barrel reads between the 
minimum of 0.3080 inch and maximum of 0.3085 
inch. The correct figures are usually given on a 
regular star-gauge card, showing the correct figures 
found in every inch of the bore. 

If you are making your own barrels and follow¬ 
ing the instructions given in these chapters, it will 
bo necessary to make some simple gauges. If the 
barrel reamers were made to the correct sizes and 


all instructions carried out precisely in their mak¬ 
ing, they should cut the exact size of any bore of 
barrel intended. For the satisfaction of knowing 
that the size is correct, a plug gauge should be 
made, or even two; one for the maximum diameter 
and one for the minimum size. With these 
gauges you can always check the reamers, know 
when they start to wear, and when new ones should 
be made; however, a well made burnishing reamer 
will last for a number of barrels and a plug gauge 
is only a check to prove that a perfect-sized bore 
is maintained. 

Gauges should be made from inch Brown 
& Sharpe ground stock or from Disston Saw steel 
of the same size. Three gauges are required in 
0.0005 inch sizes or constructed in 0.0002 inch 
for making a target barrel. A set of six gauges 
should be made to the latter figures as these will 
enable you continually to test the groove made by 
the cutter. An allowance of 0.0002 inch could be 
made for the lapping, or if the interior is to be 
chrome-plated, 0.0010 inch oversize must be made. 
When these gauges are used to measure the groove 
diameter, they should be kept at a knife edge so 
that it is possible to measure into the exact center 
of the groove. 

To detect any tight or loose places in the grooves, 
and also to determine how smooth a barrel should 
be made, use a series of gauges with the clearance 
of the lands cut out on a milling machine into the 
cylindrical portion of the plug—on a spiral similar 
to that of the rifle barrel. These are made in the 
same size as the thin feeler gauges used to check 
the grooves in the end. By pushing each plug 
through until the maximum plug is reached—which 
will just push through with friction—the grooves 
will be proved to be of uniform size the entire 
length and free of tight places. If the student 
does not care to go to all this trouble, Chapter 
XVIII, which describes a more simple method, may 
be referred to. 

There are different ways of rifling a barrel: with 
the standard Pratt & Whitney rifling machine or 
with the set-up of a lathe or of a milling machine: 
even a planer may be used, and the old method of 
using an old barrel as a guide. Wc shall, however, 
confine our explanation to the milling machine. 
Nearly every tool shop is equipped with a Brown 
& Sharpe Universal milling machine or a good 
Universal machine that has the different change 
gears for the spiral milling. It is possible to ob¬ 
tain a great variety of turns of spiral to the foot, 
or the leed in inches, and by turning to the table of 
“spiral milling” in the Machinery Hand-Book you 
will have a wide selection. Any combination of 
twist or spiral may be had for any bullet by 
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Fig. 80 

Gun-barrol lools: (1) Barrol drill woldcd to oil tube. (2) Scrape cutter rilling head. (3) Hook-cutter rilling head. 

(4) Standard barrel reamer sweated to oil tube 

making the required set-up. Figure SO shows shop, the casting for it ran he made; furthermore, 
the standard barrel tools used for caliber .30 Model if you have the planer which will carry this size 
1903 barrel, and Figure 81 the barrel rough-turned casting you can do the work yourself and save 
and finished. considerable expense. This is the only fixture re- 

It is then necessary to make an arm to clamp quired on the milling for the rilling operation, and 
on the face of the milling machine below the driv- is very reasonable compared with the expense in- 
ing spindle to hold the rilling head. As this arm curred in setting up a lathe for the same opera- 
can be moved along in any position, the expense tion, in which case you would only have the one 
of making one should be considered incidental, turn—say one in ten inches. 

Figure 82 illustrates the rilling arm in detail, and By using the lathe it is also necessary to make 
from a pattern that you have had made at a pattern two drums; a small one fastened to the ceiling 



Fig. 81 

Stages in the raanulacture of a rifle barrel: blank, rough-turned and finished 
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RUllng-head fixture. When milling machine U to be employed lor making barrels, fixture is clamped to lace of machine 
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and another on the floor with a belt drive con¬ 
nected with suitable pulleys to the rear of the 
machine, and then to the lathe carriage. If a 
change is to be made to one turn in twelve inches, 
we must figure on a different drum for the lower 
drive. An index fixture should be made to clamp 
in the cross slide so that we can make any number 
of grooves we may desire. When selecting a mill¬ 
ing machine it is wise to choose one with a long 
table travel and with the rifling arm in place on the 
face. We have the sliding arm which can be placed 
in any position and at the same time give the length 
of travel required to work the rifling head. The 
travel of the table and head governs the exact 
location. The arm which clamps the rifling head 
has three positions and we can use any one of 
them. It is then necessary to line up the exact 
center of the dividing head so that the oil tube 
will not bind in the barrel. 

When this work is ended the next requirement is 
a rifling head, the completion and installation of 
which calls for patience and skill. Figure 66 shows 
a detailed drawing of a .30-caliber rifling head, 
and Figure 65 a detailed drawing of a rifling head 
for a .22 caliber, one of the most difficult heads to 
make; difficulty is also true of the scrape-cutter 
heads and heads with the complete number of cut¬ 
ters on the head itself as illustrated in Figures 69 
and 70. Other calibers are made in different pro¬ 
portions, but the principle of the heads is about 
the same. As you can see, this is rather a difficult 
tool to construct, particularly the hook-cutter head, 
as there are so many small parts that make up 
the head with other little kinks that are difficult to 
put into a drawing comprehensibly. You should 
have the equipment to carry out the operations 
properly. I would advise securing these tools from 
a reliable source, for much depends on a rifling head 
that is correctly made and conducive to efficiency. 
Chapter IX is devoted to the making of these tools. 

After the rifling head has been chosen, provide 
for a suitable oil tube and hose connections and 
fasten them to the oil tube. It is then connected to 
our source of oil supply on the milling machine— 
the oil pump. Cleaji out all of the old oil that 
was used in any of the milling operations, and use 
pure lard oil as in the drilling and reaming opera¬ 
tion. Connect a bracket from the index head to 
the end of the barrel, allowing enough space so 
that adjusting screws will touch, but no more. 
Since there is no automatic ratchet or cutter release 
as on the Pratt & Whitney rifling machine, a small 
hollow adjusting screw is made; then where ad¬ 
justment of the screws is required in the rifling, a 
slight turn is made on each revolution, which will 
be equivalent to just a “scraping*’ or removal of 


about .0001 inch on each pass through the grooves* 
This adjustment is only made once in one turn 
of the barrel, and this is done often enough so 
that the rifling head secures the correct depth of 
groove. Also a suitable arm should be made with 
a small section so it. will release the rifling cutter 
where it passes through the barrel. If a hook 
cutter is used, this may be done with a small 
tool, but an automatic arrangement is better, the 
release of the cutter never being forgotten. 

For example, suppose we wish to make a barrel 
with five grooves, a .375 caliber with one turn in 
fifteen inches. Right- or left-hand spiral on the 
milling machine is a matter of choice; however, 
the cutter is made so that the lands and grooves 
are the same width. Turn to the table of spirals 
in the Machinery Hand-Book , page 911, for a leed 
of one turn in fifteen inches, as given in the table. 
Place a 48 gear on the worm, 24 gear on stud, 24 
gear on second stud, and a 32 gear on screw. This 
gives a leed of one turn in fifteen inches. As we 
wish to make five divisions we use any index plate, 
setting fingers at the top so that the spindle will 
likewise come there without chance of mistake. 
Eight turns of the crank are equal to one-eighth 
of the division. Chalk the chuck on each turn 
you make, so that it will come back to the same 
location; then double-check and be certain that 
you have turned the index the proper number of 
turns. A mistake means a broken rifling head. 
An oil pan to the rear of the barrel must be pro¬ 
vided so that the oil will run back into the proper 
grooves on the milling-machine table, and not 
over the floor. 

One of the simplest rifling cutters to make is 
the scrape-cutter rifling head illustrated in Figure 
67. Such a cutter has a burnishing effect upon the 
groove as it removes a scraping cut in both direc¬ 
tions. The cutter only has a direct wedge adjust¬ 
ment and the raise of the cutter must rely upon 
the wedge and spring of the cutter itself. This is 
the most simple to construct and at the same time 
the most practical for the beginner to use, as it 
works perfectly if everything else is equal. Keep 
the cutter well stoned and of the proper hardness 
so that it will hold its sharp burnishing edge. 

With the set-up for a standard caliber, it would 
be more practical for the beginner to work upon 
sample pieces. The first ones should be short in 
length: they can be used for revolver barrels. From 
then on you will eliminate any faulty procedures 
through experience. The rifling of any barrel 
should be started from the chamber end; that is. 
the hook cutter should start the cut from that end; 
therefore, the barrel should be placed through the 
dividing head with the muzzle facing the arm. 



162 


THE MODERN GUNSMITH 


Before the barrel is set in place a lathe dog is 
fastened to the barrel so that if it is ever found 
necessary to remove the barrel from the dividing 
head to check it before the completion of the cut¬ 
ting, it can be set back in the exact location. Con¬ 
sequently. a suitable form of stop must be devised 
on the back of the dividing head to be pushed out 
in position at the time of clamping the barrel in 
the chuck, and then removed at will when the bar¬ 
rel is removed. 

Power is used to feed the rifling head through 
the barrel: by gearing it up to the fastest feed, a 
very satisfactory speed for the cutter can be main¬ 
tained. After the cutter is released the reverse 
feed is used. You must be careful, when it requires 
the revolving of the barrel to the next groove, not 
to get confused regarding the number of turns that 
were made with the index crank, for a mistake here 
means a broken rifling head, and these are not easy 
tools to make. 

The chips which come off a hook cutter are sim¬ 
ilar to shavings removed by a wood plane. If the 
chips are broken or in the form of little wires, it is 
a sign that the cutter is not working just right and 
hence must be removed and stoned, or the face 
ground until there is a perfectly sharp cutting edge 
stoned to a mirror polish with a fine Arkansas 


stone. A scrape cutter must always be kept to a 
perfect sharp edge; the chips removed with such a 
tool arc very fine, similar to those removed with a 
small scraper. A continuous flow of pure lard oil 
should be maintained at all times, and when the 
cutter emerges from the end of the barrel all chips 
must he removed before the return of the head. 
This is done with a tooth-brush, but it is well to 
use your fingers at times to feel the nature of the 
chips the cutter is producing; and at the least sign 
of broken chips have a fine Arkansas oilstone 
handy to maintain the edge. The rifling head 
should be clamped in the arm so that the cutter is 
at the top and the wedge at the bottom, as Figure 
83 illustrates. 

The problem was placed before me some time 
ago, to make % 0 -inch, %-inch, % 2 -inch, Vi G -inch 
barrels, 34 inches in length out of 1 V^-inch diameter 
alloy steel; only in the above described manner was 
it possible to make the ^, r inch barrel, not to men¬ 
tion incidentals. The average person with tool¬ 
making experience should complete the construc¬ 
tion of a rifle barrel from the .22 caliber on up 
without great difficulty. Any extensive explanation 
of this subject would require a separate chapter. 

The Rebored Barrel — l'hc boring or removing 



Fig. 83 

Side views of scrape and hook cutters in the two standard rifling heads used at the Springfield Armory. Note the 
angle on the scrape cutter, which produces the best results. Correct hardening of this cutter is very important 
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Spoor or three-lip barrel drill: used when riile barrels are to be relined. Barrel broach: used lor 

cleaning out lands ol muazle locding rifles 


of the old rifling from any barrel intended for a 
larger caliber can be done very easily by first coun¬ 
terboring the barrel with counterbores shown in 
Figure 63, or by drilling it out with a specially 
made three-lipped drill as Figure 84 illustrates. 
This drill is often referred to as a spear-shaped 
drill. Before it can be started into a barrel, a 
barrel counterbore must be used and then followed 
by the three-lipped drill in order to keep a per¬ 
fectly straight bore throughout the drilling oper¬ 
ation. Before any drilling takes place a bushing 
one inch in length made of barrel steel is sweated 
on the muzzle. Prior to this the muzzle is faced 
off square so that the bushing may find a perfect 
seat in the sweating operation. This end bushing 
is employed so that when the rilling head is passed 
out of the end it will not bell-mouth the muzzle. 
A hole is placed into the bushing slightly smaller 
than the bore of the barrel so that the drilling or 
counterboring operation will remove the inside ma¬ 
terial and the reaming operation will remove the 
balance of stock, and when finish-reamed the bush- 
ing will be a continuation of the bore. 

After the drilling of the bore the barrel is 
straightened and then the reaming operation, which 
is the same as explained in Chapter X. takes place. 
The rifling of any rebored barrel is similar to the 
rifling of a new barrel as described in the first 
part of the chapter, and if those instructions are 
followed a perfect barrel will be produced. 

The barrels which can be rebored to a larger 
caliber are in the following class: .22 caliber bar¬ 
rels on single-shot actions to be rebored to .25 

caliber: .25 caliber barrels that have actions suffi- 

* 

ciently strong to withstand the greater pressure to 
7 mm.; caliber 6.5 mm. bored to 7 mm.; 7 mm. bar¬ 
rels to .30-30 or .30-06 caliber; .30-06 caliber on 
Springfield or Mauser action rebored to .35 Whelen. 
Even in such a list a great amount of good judgment 
must be used. One cannot expect to rebore a .22 
caliber barrel which has been made from cold-drawn 


steel and expect good results in a .25-35 W. C. F. 
caliber; the only possible caliber that could be 
used is the .25 caliber Stevens with a lead bullet. 
The prevailing idea among owners of .22-caliber 
worn barrels is to convert them into a higher ve¬ 
locity arm and use jacketed bullets, which cannot 
be done successfully. Before any barrel is changed 
into another caliber the interested person should 
study all angles of the possibility of the change. 

Many barrels have telescope bases mounted on 
the barrel with the screw holes drilled to a greater 
depth than really necessary; also deep slots cut 
in them for sights and forearm studs to hold the 
forearm in place. Too much care cannot be used 
when drilling a barrel of this nature so that the 
holes do not go into the enlarged bore or even 
weaken the barrel to such an extent that it would 
be impossible to secure any accuracy. 

Chambers should also be taken into considera¬ 
tion. The accuracy of the rebored barrel depends 
upon correctness of the work performed, careful¬ 
ness of the workman, and tools employed lor the 
operation. 

Heat-treatment of Barrels — Inasmuch as the 
automobile industry calls for better and finer steels 
in the construction of a motor car, other branches 
of industry must keep pace. The rifle barrel, how¬ 
ever, has shown little improvement in this respect, 
for altho parts of the gun have been heat-treated, 
the barrel has been altogether neglected. A rifle 
barrel is no more difficult to heat-treat than a driv¬ 
ing axle of an automobile, and a heat-treatment 
should be given both these to increase the tough¬ 
ness of the stprl and prolong life and accuracy. I 
have not discussed the matter of the heat-treated 
barrel very thoroughly in Chapter VIII, for much 
cannot be said on the subject without a series of 
technicalities. However, by adding together the in¬ 
formation given throughout the various chapters, the 
interested individual will be provided with enough 
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material to make this operation a success. Of 
course it is essential that he have the proper 
equipment at his disposal. Any of the various 
heat-treatmenis applied to rifle barrels may be 
reduced to a combination of the following ele¬ 
ments: (a) heating at a definite temperature lor a 
definite length of time, (b) cooling from this tem¬ 
perature at some desired degree, and (c) reheating 
if desired. The more complex treatments consist 
in the duplication of one or more of these ele¬ 
ments together with changes in various tempera¬ 
tures, degrees of cooling, etc. These treatments 
will be considered under their proper designations: 
normalizing, annealing, toughening, or hardening 
and tempering. 

The size and shape of a rifle barrel must be con¬ 
sidered, and the bottom of the furnace that is used 
must be true and level. This is especially im¬ 
portant for the large and tapered shape of the bar¬ 
rel. Among other essential points is the fact that 
the heating should not be forced, as the outside 
and taper would then be greatly overheated. If 
a number of barrels are heated at a time, they 
should be so arranged in the furnace as to insure 
as even heating as possible. Instead of laying 
barrels on the bottom of a furnace, fire-brick 
supports would be much better placed about three 
inches apart to allow the free passage of gases 
underneath the barrels. 

The proper heat-treatment should be determined, 
as in the case of normalizing above the critical 
range by the properties desired, and should be 
governed by the size of the barrels and their car¬ 
bon content. For maximum softness, the barrels 
are allowed to cool in the furnace. In the case of 
the full diameter of the bar of which the barrel is 
made, it may be removed from the furnace and 
cooled in the air. On the other hand, very small 
barrels of high carbon content with nickel and 
chromium, cool rapidly enough in the air to be¬ 
come quite tough, altho a tempering bath of oil 
has the greatest advantage for correct toughness of 
the metal. 

Pack-hardening could he given barrels with low 
carbon content; and barrels heated just above the 
critical range, if packed in various materials, could 
be left about two hours for the correct surface 
hardness both to the interior and exterior of the 
barrel, and portions to be left uncarbonized could 
be given, for protection, a plating of coppering solu¬ 
tion. Most of the companies manufacturing spe¬ 
cial grades of steel have worked out experimentally 
the heat-treatment necessary to bring out the most 
desirable physical properties of their particular 
steels. Upon purchasing, directions are given con¬ 
cerning the heat-treatments. 


These instructions arc not for the man who has 
a small shop and only small furnace equipment 
for attempting to work out the correct heat-treat¬ 
ment of rifle barrels, but for the larger companies 
who can carry each operation through after the 
proper steels are selected. However, in such work 
a metallurgist will be able to determine the correct- 
working barrel steel, and will give barrels the 
proper heat-treatment, also coating their interior 
with a special non-rusting alloy which will make a 
rifle barrel nearly perfect according to our present- 
day standards. 

Lapping — On the subject of lapping the barrel, 
let us assume that we have a perfect bore to deal 
with, that our barrel-burnishing reamers made a 
mirror surface, that our rifling cutter held up and 
made a perfect groove, but that it is necessary to 
finish lapping the barrel to remove the fine wire 
burrs that have been raised from the rifling-head 
cutter. These must be eliminated and the only 
method is by properly lapping the barrel so that it 
will polish to the highest degree under the abrasives 
used. 

First cast a pure lead lap in the barrel, wrap¬ 
ping the two grooves with cotton string so that it 
will just push through. Figure 85 shows the com¬ 
pleted lapping rod. A cord is wrapped around the 
rod in the cannalures and the latter carefully 
pushed into the barrel until the jagged tip is about 
% inch below the muzzle. The cotton string 
is to prevent the melted lead from running 
down the bore. Clamp the barrel in a vise and 
heat it with a blow torch to a light straw color in 
order to allow the lead to flow freely; when this 
method is followed, a full and perfect plug will be 
formed. The molten lead is poured into the barrel, 
held vertically in the vise, and should not extend 
beyond the end of the muzzle. 

The lead will cool immediately, and the rod 
should then be pushed forward just far enough so 
that the plug may be examined: if it has over¬ 
flowed at the muzzle, it should be trimmed to 
muzzle length with a sharp knife. A word of cau¬ 
tion may here be given: never remove the lap from 
the bore until its work is finished. Assuming that 
the lap is a perfect one, apply a coat of oil and 
withdraw the plug to the opposite end. far enough 
to remove the cotton string, and coat it with fine 
optical emery and oil. To eliminate any possibility 
of error in a fine barrel, the best emery to use is 
optical emery of about No. 320-M grit. Also coat 
the inside of the unoccupied bore with oil through 
the opposite end. A stop is provided for both 
muzzle and barrel, insuring against accidental 
pushing or pulling out of the lapping plug. For 
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five or ten minutes the plug should make its ex¬ 
cursion from end to end of the bore, the abrasive 
and oil being added frequently. Now the barrel 
may be cleaned thoroughly with gasoline and 
patches, and examined. 

Next, the polishing rod is inserted as illustrated 
in Figure 85. Such a rod is made with a series of 
chamois skin or thin leather discs with small brass 
space washers between, which may be tightened 
on the end by means of a nut and a pair of pliers. 
Turn about .001 inch to .005 inch above the groove 
diameter. As one portion of the mil is made the 
same size as the diameter of the bore, gently tap 
this through, allowing the land to cut its way into 
the chamois. T hen mix olive oil and rouge and 
proceed further to lap the barrel for between one 
and two hours. 


When this is completed, you have one of the 
finest polishes possible. Wipe out thoroughly with 
gasoline and apply a coat of fine gun oil. For 
further explanation on this subject refer to 
Chapter XV111. 

A great many more details could be given on 
the problem of rifling barrels, but it would in¬ 
volve a very technical explanation, and from the 
general outline given in this chapter the man with 
mechanical ability can perform the operation, as 
the subject is thoroughly illustrated. It will re¬ 
quire a considerable amount of time, but in the 
end, if you are determined, you will win and be 
amply repaid by the satisfaction of having pro¬ 
duced a barrel with a spiral in its interior surface. 
How it will look when viewed from the muzzle, 
Figure 52 will show. 



Fig. 86 

Showing how rifle barrels are lapped in the large arms plants 
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Barrel Turning, Chambering, and Headspacing 
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A FTER the rifle barrel has passed through the 
. drilling, reaming, and rifling operations, cham¬ 
bering follows. When barrels and actions are 
fitted, the student or gunsmith should be keenly 
alert and know just what he is doing. Barrel cham¬ 
bering and the correct headspace of a cartridge are 
among the most essential factors in a barrel; there¬ 
fore, one who undertakes the fitting and chambering 
must be a person with considerable mechanical abil¬ 
ity. T am assuming that the person who can make 
a barrel to this point has that ability. 

To begin with, no novice should attempt this 
work without special instruction, for he is endan¬ 
gering not only his own Life but that of others who 
may be in the immediate vicinity at the time the 
accident occurs. I can not stress too greatly the 
importance of a correctly fitted cartridge case in 
any chamber, together with a recess in the breech 
of the barret free from any marks on the surface. 
Chambering consists of reaming out the breech end 
of the barrel with a set of fluted reamers known as 
chambering reamers, which enlarge the barrel at the 
breach so that a cartridge can be employed with the 
correct tolerance between the barrel and the car¬ 
tridge selected. 

A slowly revolving lathe is employed, and as the 
two first reamers are used, the burnishing and 
throating reamers arc employed when the action is 
screwed into place to secure the correct headspace 
and bullet seat. These operations are done very 
gradually, with the roughing and second reamers 
forced in by the tail-stock center. After the first 
reamer is used, the second one finishes the chamber, 
allowing enough for headspace and the burnishing 
of the chamber. The barrel is then threaded and 
fitted to the receiver, and the chamber plug is em¬ 
ployed to hold the threads concentric with the bore 
and chamber. The bore and chamber must also be 
in perfect alinement, and for this purpose floating 
pilots are used on the first and second reamers 
which project beyond the neck diameter. Finally, 
the burnishing reamer is run in to the exact depth, 
which will show on the bead-space gauges, whether 
used on a bolt action or a breech block upon the 
individual rifle. The chambering reamers are il¬ 
lustrated in Figure 56 and the headspace gauges 
in Figure 71. 


The threading of a barrel is connected with two 
other operations, chambering and headspacing. 
Rifle manufacturers have used different forms of 
threads on their barrels and actions. The Spring- 
field, both in the 1898 and 1903 models, uses a 10- 
pitch square thread; this thread is the old form and 
has been superseded by the acme thread, which is 
much stronger. The advantages of the acme are its 
strength and the ease with which it can be cut 
compared with the square thread. This is due to 
greater strength of the teeth in both taps and dies, 
as well as to the facility with which the chips free 
themselves. The United States standard thread is 
used to a great extent on all standard arms manu¬ 
factured, and is the most commonly used screw 
thread in this country. When merely the form of 
thread of the United States standard is referred to, 
but not the number of threads per inch correspond¬ 
ing to a certain diameter, the abbreviation U. S. F. 
(United States Form) is employed. The sides of 
the thread form an angle of 60 degrees with each 
other. 

The Whitworth standard thread, also known as 
the British standard (B. S. W.), is used principally 
in Great Britain on most of their firearms. The 
Germans use the same form of thread as the United 
States standard system, except that they use the 
metric system of measurement. The same is em¬ 
ployed by the French arms companies as well as 
the Swiss. 

The threading of a barrel for the receiver or 
action must be cut so that when the threads are 
completed it is possible to pull the barrel tight and 
in line with the index line already marked or about 
to be established; it is then completely set in posi¬ 
tion with a good-sized wrench. The barrel should 
screw upon the receiver or action with some effort 
of the hand, to within about % inch of meeting the 
index line and shoulder, and then require a heavy 
crescent wrench to screw it solid against the 
shoulder. The “index lines” are the two short, al¬ 
most invisible lines, one cut into the receiver on the 
left or bottom side of a receiver, and the other cut 
into the barrel, meeting in perfect alinement when 
the barrel is screwed completely home into the 
receiver. The assurance of correct headspace and 
security of barrel and receiver are the most im- 
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portant reasons for seeing that the barrel is 

screwed exactly to an index line. If the front and 

•» 

rear sight bases have been previously mounted on 
the barrel, they should stand truly vertical when 
the index lines meet. 

Milling Sight Bases — If the rear sight base is 
integral with the barrel and also the front ramp 
and sling-swivel base, the barrel must be set home 
with a large wrench. The next stage of the opera¬ 
tion consists of laying out for the rib, ramp, and 
swivel base. Coat the barrel with the coppering 
solution at the points where the respective laying- 
out lines will come. All bolt-action receivers have 
a flat under-surface, and where the magazine bears 
against this surface it is always at right angles to 
the line of sight; this surface is clamped against an 
angle plate and set upon a large surface plate. A 
true center must be established at the muzzle and 
also at the rear opening of the receiver. The most 
satisfactory means of locating such centers is by 
turning soft plugs to fit into the barrel and receiver. 
If a height gauge is used for laying out the lines, 
fine centers are not required, but if a surface gauge 
is used a fine center must be inserted into one end 
of each plug as they are turned on the lathe in 
order to set the scriber point in the exact center. 
With the receiver, this is clamped upon the angle 
plate, and parallels are built up under the muzzle 
until both center lines on the plugs coincide. A 
center line is scribed from the receiver forward to 
the length of the intended leaf-sight base. A center 
line is also scribed at the muzzle for the ramp and 
one for the swivel base. By using a height gauge all 
lines can be laid out for width and scribed the en¬ 
tire length, but with the surface gauge they must 
first be established with a divider from the center. 
Having thus made all the layout lines and finely 
center-punched them, the barrel may be unscrewed 
from the receiver and the necessary machine opera¬ 
tions made. 

A milling machine is best employed with either 
a vertical head or the use of a straddle mill to cut 
down the sides of the rear-sight base and ramp. 
To make the required set-up on the milling machine, 
the barrel is clamped in the dividing head chuck 
and opposite end on the center. Barrel plugs are 
first inserted and a surface gauge is set to the exact 
center of the tail stock. After the barrel is held 
firmly in the cliuck and center, the index crank is 
revolved until the center line of the barrel registers 
with the setting of the surface gauge, which will be 
at right angles to the milling cutter regardless of 
whether a vertical head is used with an end mill or 
a straddle mill. After one side of the rib is milled 
to the correct depth the index head is revolved 180 


degrees and the opposite side is milled in similarly 
to the marked lines. 

Having thus milled the leaf-sight rib on both 
sides, a six-inch straddle mill is next used. To 
mill the three-inch radius the correct distance ahead 
from the receiver to the desired depth, all the 
necessary measurements will be found in Figure 48. 
The surplus stock is milled with either an end mill 
or a straddle mill to a true cylindrical form by tak¬ 
ing light cuts and setting the index crank to a 
number of holes on each pass of the cutter. This 
operation applies to the straight cylindrical portion 
ahead of the receiver. For the taper portion of the 
barrel ahead of the radius and to the end of the 
sight rib, the index head is set down a certain de¬ 
gree and the tail stock is also depressed. This 
angle can easily be figured out between the large 
and small diameter, and the index head set to the 
correct angle. The same operations that were em¬ 
ployed for the straight cylindrical portions take 
place to mill this surplus material. With this sur¬ 
plus stock removed, the index head is again placed 
on center together with the tail stock, and two 60- 
degree angle cutters are used, one right- and one 
left-hand cutter placed together upon the arbor; 
thus the point of the rib is formed. After the rear 
end of the barrel is milled, it is reversed into the 
dividing head chuck and a similar operation is in 
order to mill the ramp. The same instructions may 
be fulluwed as given for the rear-sight rib, except 
that there is more material to machine off than from 
the rear. The swivel base is milled while in place 
in the chuck, which is located on the under side; 
the same methods are employed. 

After removing the barrel from the milling ma¬ 
chine it is “struck.” Chapter XV describes this 
procedure, and by following the instructions there, 
the barrel is completely finished with a high polish 
and screwed back again into the receiver in the 
same position as when it was removed. Set the 
surface gauge to the receiver line and then mark an 
index line on the barrel with a fine small chisel so 
that the barrel can be set up to this line at any 
time. With the barrel in place, the top surface of 
the rib is milled off either flush with the top of the 
receiver or a little below the top surface, according 
to opinion. The ramp is also milled to the correct 
height and the incline leading to the sight can be 
milled with a straight taper, or the large six-inch 
straddle mill may be used and a large radius milled 
on the face, a matter of individual taste. The 
sling-swivel base may be milled in any form which 
is most becoming to the general outlines of the 
barrel design. 

When seating new barrels, a barrel vise should be 
constructed, such as shown in Figure 87, particu- 
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larly for new barrels or barrels that screw on a 
receiver. Bushings may be made for any type or 
size of barrel. The blanks are cut off to length and 
rough-drilled in the center so that when used for a 
special-sized barrel it is only necessary to bore them 
out and split them on the milling machine. Such 
bushings are made from cold-drawn steel. 

The two heavy vice blocks are made of tool steel 
and the center bored to receive the barrel bushings. 
Holes for two % clamping bolts are drilled, a 
%-inr.h plate is made, and the two vise blocks are 
set on one end with two % holes in line. Four 
holes are drilled for draw-bolts and the vise is 
bolted firmly to some solid upright support where 
no vibration is possible—a roof-supporting beam, 
for instance. With a barrel vise of this nature and 
the barrel bushings highly polished on the inside, a 
finely blued barrel can be removed from any re¬ 
ceiver, no matter how tight it may be, without any 
danger of turning to mar the finish. There are so 
many different and unreliable suggestions given to 
remove rifle barrels from receivers that the beginner 
must be wary, for they come from impractical men 
or men who have happened to experiment with a 
loose barrel. These barrel vises are rather expen¬ 
sive to make, but once made, pay for themselves 
many times over. 

Be extremely careful to avoid marring, crushing, 
bending, or springing a receiver. If it is of a shape 
which cannot be gripped with a large wrench, use a 
piece of heavy sheet tin between the jaws. A piece 
of %-inch copper should be employed having the 
contour of the receiver shaped out on one side. 
When removing barrels from receivers always set 
the bolt in, but not in a locked position. This is 
done so that the receiver will not be crushed at that 
point, a frequent occurrence when the bolt is not 
in place, particularly if it is very difficult to break 
the barrel loose. Figure 87 illustrates a bushing 
with two prongs on it to place in the recess under¬ 
neath the action of a Krag receiver. The prongs 
are made to the exact shape of this cut-out, and by 
boring out the center of the bushing to slip over 
the receiver the one prong engages the recess. By 
placing the barrel in a one-inch bushing in the vise, 
with this clamp in place over the receiver and the 
prong in the recess, the tightest Krag barrel can be 
broken from the action with ease. 

Two wrenches may be employed for breaking 
barrels; the most suitable is a 14- or 16-inch cres¬ 
cent, and for second choice, a 24-inch monke}’- 
wrench. Both are inexpensive wrenches, and when 
a barrel is set home with one of these and clamped 
in the vise illustrated, no one will ever remove it 
with some of the foolish suggestions we so often 
read nf. 


If a barrel is fitted according to instructions, 
there is no need of spotting in the shoulders with 
Prussian blue for a perfect bearing, unless barrels 
with two bearing surfaces, similar to those of a 
Mauser, arc being fitted. A receiver pulled up 
very tightly upon a single shoulder imbeds itself 
into this, regardless of whether it is an even or 
uneven surface, for the great pressure exerted on a 
shoulder by the end of the irregular face of a 
receiver wall form its own seat in the metal and 
make a perfect contact. 

Chambering — The chambering of a rifle barrel 
is an operation that many students undertake; if 
they are going to do this work thoroughly, a com¬ 
plete understanding of these chapters must be had. 
The correct chambering of a rifle barrel depends 
principally upon safety. Then follows its accuracy, 
its length of life, and its efficiency in the free ex¬ 
traction of fired cartridge cases. 

If the student should make some mistakes in the 
construction of the tools, ream out the bullet seat 
too far ahead, or make some other slip in work¬ 
manship, the barrel, even tho other parts are per¬ 
fect, will never produce the results in accuracy 
expected. The most important point to remember 
is that it may maim or kill the person who fires it. 
Chambering is an operation connected with the 
threading of the barrel and gauging for headspace; 
therefore these three operations are considered 
together. 

Let us suppose that we have the barrel completed. 
The next stage of the operation is to chamber it. 
To do this, make a complete set nf chambering 
reamers, as described in Chapter TX, Figure 56. 
The field of calibers to choose from is large, but 
because of its popularity in this country and for 
sake of experiment, let us consider the .30-06 United 
States Government cartridge. We will use the 
latter set of reamers for an experimental operation 
on a barrel that we may have made. Our first 
reamer is the roughing reamer, which we place in 
the rear end of the barrel, or the end where the 
rifling head came through, as this end is alw r ays the 
largest. First, we make sure that our stops are set 
in the proper position and are certain that we have 
used the barrel plug which is shown in Figure 51 
to turn true with the bore. 

Threading and Fitting Barrels — It is often 
necessary to cut off one or two threads from an old 
barrel and rethread it for another action, which, of 
course, necessitates rechambering. It has been sug¬ 
gested to shrink a sleeve over a barrel at the 
chamber end; such work is satisfactory on caliber 
.22 rifles, but on high-velocity arms—never! Oc- 
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casionally a barrel can be found in the .22 caliber 
class on which it is necessary to turn the thread off 
a barrel and shrink or solder on a sleeve and then 
cut a new thread to fit the action selected. All such 
work is very simple, but when fitting a barrel to an 
action, the threads must be cut so that they fit 
very tightly, and the receiver turned on by hand 
with little effort. 

After turning the barrel and threading, we know 
that it must be absolutely true with the axis of the 
bore. This operation may be done either by cham¬ 
bering or threading the barrel first. It does not 
matter in either case, for in using the proper set of 
reamers, the barrel is chucked until it runs abso¬ 
lutely true; and then from the barrel plug, which 
has been left in. the steadv rest is set and reamer 
No. 1 is used—the roughing reamer—with stops set 
for the proper depth. Next is the finishing reamer 
No. 2; and finally reamer No. 3, which is the bur¬ 
nishing reamer. The burnishing reamer must be 
used when the barrel is screwed to the receiver to 
get the proper headspace of the cartridge unless it 
is a rimmed case. As all the rimmed cartridges 
have only a clearance for the neck, this form of 
chamber can be finished in the lathe, but all those 
for rimless cartridges that require headspace must 
be finished when the receiver and action are screwed 
together. Figure 71 shows two different styles of 
headspace gauges; one has a series of buttons 
which measure from the shoulder to the end of the 
bolt, 0.001; we always chamber to the minimum 
size, which is the smallest button in the set. If a 
tolerance is to be used, 0.004 inch is the proper space 
to work in. The next operation is the throating of 
the barrel or reaming of the bullet seat. This is de¬ 
termined best by inserting a cartridge in the cham¬ 
ber that has the proper length of bullet projection 
from the end of the case, so that the lands of the 
rifling will show plainly on the bullet. As a matter 
of fact, this is only used in barrels intended for 
target work; if the rifle is to be used for hunting 
purposes, reinsert the reamer and take out a little 
more so that you can barely see the marks on the 
bullet. 

In the making of chambering reamers and gauges 
that are required for this operation a considerable 
amount of tool-making experience is required. A 
separate chapter is devoted to this subject, but a 
brief outline is in order here. Lengths and diameters 
must be held within a very close tolerance and the 
stoning of the reamers requires much skill to face 
their cutting edges properly. Always remember, 
when cutting the flutes on the milling machine, to 
set the angle cutter .010 ahead of center. This will 
eliminate a considerable amount of chatter, provid¬ 
ing they are properly stoned. In stoning the 


reamers, they should have just enough clearance so 
that they will cut freely and not have the clearance 
you see ground on a reamer that has been pur¬ 
chased, such as the standard hand reamer, machine 
reamer or taper-pin reamer. 

The roughing reamer may be used in the drill 
chuck set in the tail stock of the lathe, but the 
second roughing and finishing reamer must be 
reamed out by hand. This is easily done by putting 
the center on the reamer, moving the carriage out 
of the way, and using a tap wrench. As the reamer 
cuts in, take up on the tail-stock center until the 
desired depth is reached. Always remember to use 
plenty of oil and withdraw the reamer to free any 
chips that have collected. 

The first consideration to be taken up in detail 
is that of the chamber design—its diameter and 
form with reference to the cartridge to be selected. 
The dimension and shape of the chamber must be 
based on the figures and form of a loaded cartridge; 
therefore, figures must be taken to give the proper 
tolerance between cartridge and chamber which will 
conform to good engineering practise. No car¬ 
tridges are made absolutely uniform, but they arc 
manufactured with a maximum and minimum toler¬ 
ance. However, the system of inspection at the 
cartridge factories is very exacting; no cartridge 
will be produced smaller than the minimum measure¬ 
ments, and for maximum sizes they are checked by 
a machine. The chamber must be reamed to fit and 
operate safely with a cartridge made either to maxi¬ 
mum or minimum size. To do this, it is necessary 
that the reamers be made just large enough so that 
when a chamber is reamed it will work successfully 
and safely with a maximum case, but no larger, 
for in that case it will be unsafe with a minimum 
cartridge. This establishes the correct size and 
form of a chamber within very close limits. 

When you start to chamber a barrel which has 
been drilled, reamed, and rifled, use a series of four 
reamers graduated in diameters, so that each suc¬ 
ceeding one after the roughing reamer takes but a 
scraping cut, slowly and gradually enlarging the 
chamber to the desired size and shape. These are 
used by hand, but in large arms factories the cham- 
hering of a rifle barrel is done on a turret lathe. 
It is a principle of reaming that a reamer turned by 
hand, if not forced unduly, will ream out a hole 
exactly in line with the axis of the bore. To assist 
this and have it come in perfect alinement the first 
two reamers are provided with a pilot together w'ith 
the throating reamer. A pilot, made of either steel 
—hardened and lapped—or brass, rides on top of 
the lands and acts as a guide in front of a reamer. 
The reamers are also provided with stops which are 
illustrated in Figure 56 together with the pilots. 
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The finishing or burnishing reamer is not con¬ 
structed with a pilot, for this reamer removes no 
more than .002 inch. The bullet seat is that portion 
of the chamber ahead of the mouth of the case into 
which the bullet rest projects from the case. Jt 
should be cut with the throating reamer just so the 
bullet will rest upon the lands. The best accuracy 
is obtained when the bullet is assembled into the 
case and there is a portion of the cylindrical maxi¬ 
mum diameter of the bullet projecting beyond the 
mouth of the case and fitting with almost a push fit 
into the cylindrical portion of the bullet seat. Then 
the bullet seat straightens the bullet so that its axis 
is in line with the axis of the bore, and when the 
movement of the bullet takes place it glides straight 
forward into the bore, and the rifling is cut into its 
cylindrical surface without any “jump” which may 
tend to deform it. 

That portion of the chamber corresponding to the 
neck of the case should be slightly longer than 
measurements taken. An allowance of 0.030 inch 
is sufficient at the top of the 45-degree angle; this 
allowance in the chamber ahead of the mouth of the 
case is for expansion and the 45-degree angle is 
made so that small brass rings will not be cut off 
the mouth of the case. Cases lengthen considerably 
when fired, particularly those which have been re¬ 
loaded a number of times, and allowance in the 
chamber must be made at that point, or it will 
actually crimp in the case, just as a reloading die 
does, and result in inaccurate shooting. 

Headspace — After placing so much stress upon 
the foregoing operations a complete explanation 
must be given of the very important subject— 
“headspace.” It is obvious to all users of firearms 
that the chamber must hold the cartridge back 
against the face of the bolt, thus supporting the 
cartridge and primer firmly against the bolt's face 
when the explosion takes place. Figure 71 illus¬ 
trates two standard headspace gauges together with 
a chamber showing a headspace gauge in place. 
When a rimmed cartridge is used, the headspace is 
the distance the rim of the case extends from the 
face of the barrel to the face of the bolt and also 
the distance from the shoulder to the face of the 
bolt; the latter distance, however, must be a clear¬ 
ance, which can be in most cases between 0.010 and 
0.015 inch. Headspace is usually taken care of by 
the recess in the end of the bolt, except in the case 
of rimmed cartridges used in single-shot rifles, and 
the use of center-fire cartridges. The counterbored 
recess must be deep enough so that a rimmed case 
can be inserted in the chamber and the breech 
block closed. No tolerance should be allowed; this 
distance of headspace is cut carefully and gradually 


with the counterbore after the barrel and breccli 
block have been assembled to the action with con¬ 
stant trying of a headspace gauge or a cartridge 
known to have a maximum thickness of the head. 
The headspace between the face of the barrel and 
the counterbored face of the bolt in high velocity 
arms has been pruvided for by the makers of the 
actions. The headspacing of such chambers is only 
a matter of finding the proper clearance between the 
shoulder and face of the bolt; this is usually done 
with loaded ammunition until it will just go in the 
chamber without any indications of a bearing upon 
their shoulder. The finishing reamer is run in until 
the bolt will barely close without undue effort on 
the bolt handle. The reamer is placed in the 
chamber again and enough metal removed to allow 
sufficient clearance to take care of all maximum 
cartridges. The exact sizes of the finishing reamer 
assures that the shoulder and neck of the chamber 
will be at the correct distance ahead of the removed 
seat and that all portions of the chamber will have 
the correct diameters. (Refer to Figure 88.) 



Model 1898 cartridge 

When headspacing a chamber for a rimless car¬ 
tridge, greater care and forethought must be used; 
this operation is more important because as a rule 
a rimless rifle cartridge is employed with a much 
higher breech pressure than that of a rimmed car¬ 
tridge. On a rimless case the distance between the 
shoulder on the chamber, just in the rear of the 
neck, holds the head of the cartridge back tight 
against the head of the locked bolt and supports the 
case when the explosion occurs, at the same time 
holding the primer in its pocket. A simple defini¬ 
tion of headspace is: the distance between the angle 
on the shoulder of the case against the angle on the 
shoulder in the chamber to the face of the bolt. 
In the construction of either style headspace gauge, 
shown in Figure 71, for a rimless case, a selection is 
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made of the finest type of gauge which can be used 
for this operation. If it is not possible to construct 
these gauges, minimum length cartridges must be 
selected. If a number of barrels are to be made, a 
headspace gauge of the micrometer type which will 
give the correct figures for a minimum headspace to 
all chambers should be secured or made for this 
purpose. The button type of gauge is the standard 
inspection gauge used at the Frankford Arsenal. 
This gauge is more difficult to make than the mi¬ 
crometer type, but the advantage of the solid but¬ 
tons is that they are positive, whereas the fine-pitch 
screw in the micrometer gauge can become worn 
and even sprung when too great a pressure is 
exerted upon the bolt in the act of closing. For 
this reason great care must be given to a micrometer 
gauge, and only the hardest pressure placed upon it 
when it is at. its minimum setting, which is to¬ 
gether. A master should be provided with each 
gauge for checking purposes; this is also illustrated 
in Figure 71. Without such a gauge it is difficult 
to check the gauges and cartridges when a doubtful 
situation arises. 

The minimum headspace for the caliber .30 
Model 1903 rifle is known as the 0.045-inch button 
or the 0.044 button, to be used for a very tight 
headspace. The 0.049-inch button is the maxi¬ 
mum; however, on the micrometer at the minimum 
point it would be 1.944, or when the zero lines 
coincide each graduation on the thimble and barrel 
represents 0.001 inch, which is the same as a stand¬ 
ard micrometer. In the use of either gauge, the 
length is from a point figured from the top of the 
angle to the face of the bolt. The bolts of all rifles 
using rimless cases, military or sporting, should just 
close on a minimum gauge. To determine a mini¬ 
mum length of cartridge for and of the chambers 
illustrated in Figures 57 and 58, a master gauge 
must first be made with a finished chamber reamer, 
allowing enough length for the end to be faced off 
after a minimum cartridge has been found. Select 
a number of cartridges of the one intended, place 
them in the gauge, and measure down to the head 
with a depth micrometer. Select the minimum car¬ 
tridge which measures the deepest down from the 
face, then face the gauge off the top to 0.004 inch 
above the minimum size found. This gauge will be 
a maximum length of cartridge and should be 
marked accordingly. If there is to be a standard 
and a number of check-ups to be made from such a 
master, it is always best to harden it and grind the 
face to the proper length. 

After the master is completed, a headspace gauge 
of either type shown in Figure 71 is made. With 
such precautions a headspace is assuredly correct 
for any cartridge selected. If the student only has 


one barrel to fit he may be able to accomplish the 
desired results with the use of loaded cartridges as 
gauges. Secure a number of cartridges of the dif¬ 
ferent manufacturers of the caliber desired. Select 
from these lots, by given trials in a new rifle of the 
standard make, two cartridges which appear to be 
the shortest and longest. It will be impossible to 
determine or measure their length from shoulder to 
head, but you should be able to tell by the way they 
feel and act when they go in the standard rifle and 
the bolt closes on them. Use one of these for the 
“Go’' gauge and the other for the “No Go” gauge. 

Student gunsmiths, and in fact all riflemen, 
should treat the ready threaded and chambered bar¬ 
rel with suspicion, especially if it comes from un¬ 
known sources. Those coming from standard arms 
plants are usually interchangeable, except when 
fitted to an action which has had some set-back. 
This condition is revealed by an examination of the 
bolt-lug scat in the receiver after the barrel is re¬ 
moved. If it shows a very large indentation, a new 
receiver should be purchased, for it will become 
worse as time goes on until headspace is so great 
that ruptured cases will be the result. 

It is also extremely important that only a bolt in¬ 
tended for a rifle be used in that arm. Considerable 
trouble and some very serious accidents have oc¬ 
curred because of changing bolts. For example, the 
holts for most high-velocity bolt-action rifles and 
also many .22-caliber bolt-action rifles will seem to 
the inexperienced person to exchange very nicely. 
The bolt of any rifle will fit into any other rifle of 
that particular make; thus the beginner is under the 
impression that everything is all right. Rut the 
use of that bolt in just the wrong rifle will give poor 
accuracy (particularly in .22-caliber rifles) or it 
may cause the cartridge case to separate in two, 
about Yo inch in front of the head, leaving the for¬ 
ward portion of the case wedged in the chamber. 
Or, if the case should be a little overloaded and have 
a soft head from too much annealing in the furnace 
at the cartridge plant, the head of the shell may 
give way, permitting gas to escape to the rear, com¬ 
pletely demolishing the receiver and perhaps seri¬ 
ously injuring the user. The possibility of such an 
accident is sufficient reason why one should use 
every precaution for the sake of safety alone. 
Modern military or bolt-action receivers made by 
private companies have their actions made from 
properly heat-treated alloy steel, arc designed to 
stand a breech pressure of 52,000 pounds per 
square inch, and will withstand an accidental pres¬ 
sure up to 100,000 pounds per square inch, provided 
the cartridge case will hold and the headspace is 
at its minimum length. It is very seldom that a 
cartridge case is found with a soft head in the 
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product of our standard cartridge manufacturers. 

While the danger of excessive headspace has been 
emphasized, I do not wish the reader to suppose 
that a great number of rifles are unsafe. Head- 
space is very important from the standpoint of 
safety, but the test is very simple, taking not more 
than a minute to perform if one has the proper 
gauges. Our large arms plants and also many of 
the smaller reliable firms turn out barrels which are 
properly headspaced; such arms are absolutely safe 
if used with any standard cartridge of the proper 
caliber made by any of our large cartridge com¬ 
panies or by the government arsenals; or with hand- 
loaded ammunition recommended by the powder 
companies or handbooks upon that subject. 

We must speak of short headspace because that 
also is likely to occur, altho it is not accompanied 
by such grave consequences as excessive headspace. 
If we have too short a headspace, then the breech 
block or bolt will fail to close down on the cartridge. 
It may close down on cartridges of one make but 
not on those of another. The chamber is just too 
short; consequently a finished chamber reamer 
must be run in a little deeper, or a shorter bolt be 
selected. At times the user of a rifle, if he is using 
hand-loaded ammunition, may experience trouble 
due to the stretching of fired cases. The fired car¬ 
tridge cases one loads may have stretched too long 
for that chamber—often the case in lever-action 
arms. These actions do not have the bolts locked 
at the front, and since they are made of heat- 


treated alloy steel, have considerable spring or give 
to them; cartridge cases fired in them lengthen so 
greatly that they cannot be resized to fit again 
easily into the chamber in which they have been 
fired. 

I have probably not explained some of these sub¬ 
jects in a manner which can be understood by a 
person who is just beginning such work, but the 
trained mechanic will be quick to comprehend the 
meaning and will proceed to carry out the work in 
a highly technical manner, thus opening up new 
fields of experimental work never before dreamed of 
by him. If you are to construct a rifle of your own, 
carrying out ideas in good engineering practise, I 
feel confident that there will be very little trouble 
experienced in the construction of the barrels and 
the necessary tool layouts. The drawings are as 
complete as it was possible to make them and will 
enable you to figure out designs of tools which 
would require months of hard work on the drafting 
board. [)o not try to change some of these until 
you understand the subject thoroughly. You may 
have excellent views, of course; if so, continue to 
experiment, or get some one with the necessary ex¬ 
perience to create experimental designs. From these, 
greater results may be developed, and the knowl¬ 
edge gained will not be thrown to the four winds; 
it will help you understand the proper designs of 
barrels and cartridges, a branch of knowledge that 
leads into the study of ballistics and is not acquired 
through book learning alone. 
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CHAPTER 3 


The .22-Caliber Hornet: Design and Conversion 




T HE design and construction of any rifle calls 
for certain basic principles, particularly in the 
American small arms; but ever since the old Win¬ 
chester .22 \V. C. F., or Winchester single-shot 
cartridge was given a 45-grain jacketed bullet and 
rechristened the “Hornet” every kind of old action 
has been resurrected to be converted into a .22- 
caliber Hornet rifle. All principles of design have 
been laid aside and the student of gunology has at 
last brought out his own basic principles reaching 
far beyond any gun designer’s sense of responsi¬ 
bility. The amateur gunsmith has dug out of the 
past some very interesting old actions to be con¬ 
verted to take the popular cartridge for small game 
such as woodchuck, crow, squirrel, etc., and even 
for target shooting. 

There are a number of old single-shot actions 
capable of handling this cartridge, and then again 
there are certain safety factors that must Ik taken 
into consideration in conversion. Some of the old 
single-shot rifle action frames, made only of cast 
iron, are not safe to use with (he high pressure 
developed by a Hornet cartridge, for the reason that 
cast iron only has a tensile strength of a little better 
than 16,000 pounds per square inch; therefore, 
actions made from cold-drawn steel must Ik case- 
hardened and given the required strength of better 
than 60,000 pounds per square inch. In the selec¬ 
tion of old actions we have the single-shot Win¬ 
chester, Stevens 44% action, Farquahrson, Reming¬ 
ton, Winchester, Martini, Ballard, Hepburn, and 
certain Swiss and German actions. Of the single¬ 
shot actions, in my opinion, we have two of the 
best in the Winchester single-shot and the Far¬ 
quahrson actions made by Westley Richards. The 
old Winchester was the type of action originally 
made for this cartridge, with ammunition popular 
at that time, such as the .32-40, .38-55, .40-90, etc. 

The conversion ai\d building up of one of these 
Hornet rifles becomes as interesting as the remodel¬ 
ing of a military rifle, except that barrels must be 
provided which are more expensive than might be 
anticipated. When a .22-calilKr Springfield barrel, 
however, can be purchased and fitted to the action 
by the student and then chambered also by himself, 
the expense is brought down to a minimum. If a 
new barrel is necessary it is much more reasonable 


to send the action to the Xiedner Rifle Corporation 
of Dowagiac, Michigan, and have them fit and 
chamber it, than to try to do it yourself. You may 
do the other necessary work, such as making the 
new stock and forearm and sights. 

In order to explain methods of converting various 
actions into a Hornet rifle 1 must vary my points of 
interest to parts of the actions, barrels, sights, etc. 

Barrel — Only one standard barrel steel is suit¬ 
able for this rifle, and that is ordnance steel 
as used in the Springfield .22-calibcr barrels and 
also in the products of the Winchester Repeat¬ 
ing Arms Company and the Xiedner Rifle Corpora¬ 
tion. Extensive tests have proved that it is one of 
the best steels for high-power rifle barrels or even 
the .22-caliber long rifle cartridge. It is almost ex¬ 
clusively used by the British rifle makers for all 
their rifle barrels and for many other purposes. 
This type of steel is a little more difficult to ma¬ 
chine than the common cold-drawn or higher carbon 
steels, and a slight change in tools is often required, 
with stoning or grinding to complete the operation. 
It has a very high tensile strength, excellent wear¬ 
ing qualities, and more resistance to corrosion than 
the ordinary low-carbon steel used in most of the 
cheaper arms. From an entirely practical point of 
view it has been demonstrated by government tests 
that nickel and ordnance steels are the best to use 
in the manufacture of any type of rifle barrel, tlin 
most riflemen are not aware of their remarkable 
qualities. The more experienced riflemen having 
rifles made from these steels have noticed this 
established fact long ago; it has manifested itself 
by less wear and a brighter appearance of the in¬ 
terior after long and hard use. Barrels made from 
carbon steel have not shown such satisfactory re¬ 
sults, even tho they were given less use. 

So many enthusiastic owners of .22-caliber long 
or long rifles who are planning or desiring the 
change to the Hornet cartridge often overlook the 
steel the barrel is composed of, and the twist of 
rifling. This is a vital point, and all owners should 
understand that not every .22-caliber rifle or barrel 
can be made to use this cartridge. The interior 
measurements of a .22-caliber long rifle cartridge 
are given in Chapter IX. 
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The old .22-caliber W. C. F. barrels were mostly 
hexagonal in form and between 26 and 30 inches in 
length. They were mostly made of cold-drawn 
steel, but since the original bullet was only made of 
lead they were perfectly satisfactory, for they were 
a straight taper from breech to muzzle in the 
hexagon form. Today, however, we must consider 
the outside dimensions and weight of a round barrel 
to form graceful outlines from the action to the 
muzzle; a Hornet barrel should have a certain 
weight to bring the rifle in better balance, espe¬ 
cially when using one of the single-shot actions. 
One point which need not be taken into considera¬ 
tion is the minimum thickness of barrel to insure 
against rupture, bulging, or bursting, for in using a 
Hornet cartridge, just as long as the breech is of 
sufficient thickness and of the proper steel, there is 
no danger. 

Since all things are equal, no doubt the heavier 
the barrel, the greater will be the accuracy. 
Length of barrel must, be considered for proper 
handling and sight radius. There are many factors 
which should be well weighed in the final decision. 

In the design of a Hornet barrel, particularly 
one that is made specially, we must consider the 
ultimate weight of the rifle and its correct balance. 
In a hunting rifle we desire a barrel in this class 
either light or heavy; in the latter we must select 
one which is nut extreme, as on a modern free rifle 
in the target class, but one that is consistent with 


good holding and well in balance when a telescope 
is used. Figure 89 illustrates a barrel fitted to a 
Farquahrson action by West ley Richards. The 
barrel measures 1.15 inches at the breech, 0.680 
inch at the muzzle, and the length is 26 inches. 
The taper is continuous from the muzzle within P /2 
inches of the breech; this small straight, portion was 
left for the mounting of a telescope block. The 
taper is so gradual that the front block was only 
inch higher than the rear when placed 7.2 
inches between centers. On this particular rifle a 
Fecker telescope was used, which was the only sight 
provided for, as it was to be used solely for ground¬ 
hog shooting. The barrel weight and proportions 
of the stock made a fine combination heavy rifle 
of the extreme limit in the heavyweight class. Still, 
we may desire as light a weight as is consistent with 
accuracy. Figure 97, Volume I, illustrates a Hornet 
rifle made on the Farquahrson by Westley Richards; 
it is a fine example of the gunmakers art and has 
perfect balance of barrel and stock. The barrel 
length and diameter of this rifle are: diameter at 
breech 1.1 inches, at muzzle .56 inch, and length 25 
inches, with a gradual taper from muzzle to breech. 
The stock and forearm arc made from French wal¬ 
nut with graceful outlines and perfect fitting of the 
metal parts. 

Generally speaking, the only alternative the 
amateur has in constructing his ideal Hornet rifle 
is to secure a .22-caliber Springfield barrel and fit 



Fig. 89 

Top: Caliber .22 "Hornet" barrel on Farquahrson action made by Westley Richards. Bottom: Special barrel made on 

singte-shot Winchester action for "Hornet" cartridge 
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it to any of the actions named in the first part of 
the chapter. The Stevens actions are the smallest; 
therefore it is advisable to turn down the breech 
slightly smaller than the action in order to fit the 
new forearm. If Springfield barrels are fitted to 
these smaller actions they usually make the ideal 
light hunting rifle. Considering that a Springfield 
.22-caliber barrel is used, it will prove more than 
expected, owing to its remarkable accuracy. It is 
not advisable to reduce the weight unless a lighter 
rifle is desired, and then only to turn off some of 
the surplus metal at the breech to bring out better 
lines. The muzzle may be reduced only to the 
extent where it is possible to fit a neat and satis¬ 
factory ramp. A barrel for a cartridge like the .22 
Hornet can, of course, be made much lighter: but 
then a single-shot action in the Stevens, Winchester, 
Martini, Ballard, etc., will carry all the weight neces¬ 
sary to make up the difference in weight of action; 
on the other hand, on a Springfield M-l rifle with 
a standard sporting slock, the barrel can be reduced 
considerably to bring the weight of rifle between 7 
and 7 Vo pounds. 

Alteration on Tanga — When remodeling any 
of the single-shot actions or the straight-grip re¬ 
ceiver with the under tang separate, it is possible 
to bend these into a very neat curve so that a full 
pistol stock may be fitted. This cannot be done 
on the Stevens action as most of the parts are of 
malleable iron. The bending of the tang on some 
actions requires the making of a new spring; still, 
some can be bent without a new spring as on some 
of the single-shot Winchester actions. When first 
studying the tang to bend these for forming a pistol 
grip it seems rather a difficult operation, but it is 
only one of the ordinary problems the gunsmith 
faces during the course of a day’s work. To begin 
with, the action should be completely stripped of 
all screws, pins, springs, etc.: in fact, every movable 
part should be removed. Having completed this, 
assemble the under tang again and lay the action 
on a piece of sheet tin or brass and with a sharp 
scriber draw a complete outline of the top and bot¬ 
tom tang on the metal. Then on the same sheet 
tin or brass, lay out the exact curve you wish the 
new pistol grip to have, so as to show the new 
position of the curve on the lower tang. Since the 
lower tang is removable on the Stevens and Win¬ 
chester actions, this is now removed and the bend¬ 
ing operation takes place. Refer to Chapter XXIV, 
Volume I. 

The student often makes the mistake of bending 
the upper tang. The upper tang should never be 
bent but left straight, only the lower one being 
curved to form the pistol grip. If the upper tang 


of the action is bent, it only tends to reduce the 
size of the grip, and the comb must stand up out 
of all proportion above the handhold or grip. As 
a matter of fact, the high comb usually wished on 
the new stock is going to protrude too much to look 
graceful in the harmonious blending of outlines. 

Before any bending operations take place, steel 
screws must be fitted into all tapped holes. The 
object of fitting these blind screws into the tapped 
holes is that when (he bending takes place they 
may not be bent out of shape. The usual trouble 
experienced is that the holes close in because the 
metal is weakest at these points. Having thus pre¬ 
pared the lower tang for the bending operation, 
male and female forms should be made from a piece 
of cold-drawn steel small enough so they can be 
used in the bench vise. A hack-saw and a file are 
the only tools necessary to make these forms. After 
they are completed, heat the tang to a cherry-red 
and pull the two forms between the two blocks. A 
little beeswax placed on the face of the vise jaws, 
with the forms pulled up against this, will usually 
hold them in place until the operation is finished. 

If the student is skilful at the forge or anvil, the 
lower tang may be heated to a cherry-red and bent 
by carefully hammering over an anvil horn. All 
tangs can easily be bent cold after once being an¬ 
nealed in the form first described, but it is better 
to heat them to relieve any strain and obviate the 
danger of forming surface cracks. 

If the student does not care to go to the trouble 
of making (he male and female forms, three round 
copper rods may be used in the vise. Cut three 
pieces V 2 inch in diameter and 3 inches long and 
make a right-angle bend on each rod about in the 
center so they will hang over the vise jaws—two 
are placed on the back jaw and one on the front. 
Insert the tang between the three rods so that the 
single rod is on the side where lhe curve is to lie 
formed. Gradually tighten the vise, making a 
slight bend. Loosen the vise and move the tang in 
a different position on the single rod to increase the 
bend, and again tighten the vise. Continue with 
different positions until the desired curve is formed. 
The tang will be marred very little by this opera¬ 
tion, and the little dents that do occur in the metal 
may be removed by filing and polishing. Care 
should be taken not to form too sharp a bend near 
any of the screw holes, even tho thej r are plugged 
with steel screws. A perfect curve is the object. 
Continue to test the curve on the lay-out on the 
metal until one that is most effective is found. 

If the lower tang is integral with the action a 
different method of bending must be used. Clamp 
the flat side of the action very solidly in the vise 
between two copper vise jaws. Two wrenches 
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should be made from % x % inch cold-drawn steel. 
Slots are cut out on the end just the width of the 
tang; these should be about 14 inches in length so 
that the proper leverage may be applied in order to 
bend the tang to the desired form. One wrench 
is used to hold the tang and placed in such a posi¬ 
tion that it will not start the bend close to the 
action but near the end. Heat the tang with a 
gasoline blow torch to a cherry-red and hold with 
one wrench while you bend with the other. 

The alterations of most under tangs on single¬ 
shot actions require the making of new screws, par¬ 
ticularly those which go through from the upper 
tang and screw into the lower; but when the bend 
is turned down to such an extent that a full-length 
screw cannot be used it may be advisable to use 
wood screws in both the upper and lower tangs. On 
some of the Winchester single-shot actions the tang 
is long enough so that the bend only comes up to 
the long rear screw hole. The bending of most 
tangs with the exception of the single-shot Win¬ 
chester action requires the making of new main 
springs as well as screws. Chapter XXI gives the 
information for making springs, and this must be 
studied before any of the alterations take place. 

The bending of a tang also requires alteration of 
the under lever on most single-shot actions. The 
lever is made of a heavy piece of metal and may 
be heated in the forge and bent to any shape by 
carefully hammering on the anvil or over a form, 
unless it is made of malleable iron. After a lever 
has been straightened out a good many assemblings 
may have to be performed before it comes into the 
proper position against the bent under tang. Be 
very careful to hold the bend of the trigger guard 
and the bend of the under tang so it can be formed 
from there back to any shape which will be most 
suitable for the owner. It is often advisable to 
weld a suitable extension to the end of lever for 
the purpose of operating it freely. On most of the 
levers a round knob is formed which is not only a 
means of showing artistic taste in the forging oper¬ 
ation but will give the fingers a better grip in the 
act of closing or opening the action. The bending 
of any under lever requires the same general out¬ 
lines scribed upon a piece of sheet metal as ex¬ 
plained in the bending of the under tang. These 
bends must be laid out prior to the alteration, and 
even then a considerable amount of fitting is neces¬ 
sary. What little changes are required, however, 
can usually be done cold in the vise, as the metal 
is well annealed after a number of heatings in the 
forge. 

Bushing breech Blocks — Altering a single-shot 
rifle from a rim-fire to a cenler-fire means changing 


the breech block and inserting a new firing pin. 
The only practical and safe way to do this is to an¬ 
neal the block, counterbore into the old hole, and fit 
a standard shotgun or double rifle firing-pin bush¬ 
ing. The usual size to make these bushings is y 2 
inch diameter at the head with a %-inch tapped 
hole, using a fine thread such as 32, 36, or 40 
threads per inch. After the plug is made and fitted 
into place the center is located in the following 
manner: A length of drill rod is selected which fits 
the bore perfectly, and on one end a center is 
turned; this is hardened and tempered and inserted 
into the muzzle. Before any indentation is placed 
upon the firing-pin bushing, care must be taken that 
the breech block is fitted into its proper position. 
If this has been done a slight tap of the hammer on 
the opposite end will place the true center in the 
bushing. Since nearly all single-shot firing pins 
are on an angle in the blocks, the setting up and 
drilling of the new firing-pin hole must be done on 
the same angle in the drill-press vise. First, a 
V\$ center drill is used and then followed with a 
No. 44 drill, piercing through the plug into the 
firing-pin opening. After the firing-pin hole has 
been drilled, two small holes are drilled into the 
plug on a center line with the firing-pin hole close 
to the outside edges. A special wrench is made to 
fit into these holes to remove the plug. The rear 
is reamed out with a firing-pin reamer within % 2 
inch of the face. The firing-pin hole is now eccen¬ 
tric with the rear hole. Consequently there are 
only two things to do: either make an eccentric 
firing pin or bore the hole to the true center estab¬ 
lished in the firing-pin plug. The boring of the 
true center through the block means an elaborate 
set-up on the lathe; therefore, it will be much more 
economical to make the eccentric firing pin. 

Firing Pins — Figure 129, Volume I, illustrates 
the correct point or end to be made on any center 
firing pin. Always remember that the correct projec¬ 
tion of firing pins is 0.065 inch maximum and 0.055 
inch minimum; this is the distance a firing pin should 
show from the face of the block or bolt. The im¬ 
portance of the correct form of firing pin as well as 
the proper steel to use cannot be overestimated; 
also correct heat-treatment of the steel. The best 
steel to use for firing pins is a high-grade chisel 
steel, which should be hardened in oil and the 
temper drawn in an oil bath heated to 625 degrees 
Fahrenheit and left in this bath for one hour. 
Naturally, this is a lot of trouble for one firing pin, 
but when rifles are to be used against dangerous 
game the effort is not too great; even if it took one 
hundred hours it would be well worth the time 
spent if a human life were at stake. The same 
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painstaking care should be used if it is only a firing 
pin for a single short Hornet rifle to be used in the 
field on woodchuck. 

Flats or notches required on the side of a pin 
should be filed by hand. The most convenient way 
to do this is to hold the finished pin in a drill chuck 
held in the vise. This avoids marring the pin in 
the vise jaws it the copper jaws will not hold it in 
the correct position for filing. 

A great many accidents may be attributed to 
fault}' firing pins. Too much care cannot be exer¬ 
cised in the proper development of any firing pin 
and its correct profile, particularly at the point the 
illustration shows. The large diameter of the pin 
should fit the hole in the block easily, yet without 
too much clearance. The fitting of the striking end 
into the hole should also be a free hut perfect fit, 
and lastly the pin should be made of good tool 
steel, highly polished, then hardened and the temper 
drawn to a point that will obviate the possibility of 
breakage. Be positive that the check screw or pin 
is in the best condition. The student may be en¬ 
trusted with the making of any firing pin if he will 
follow the above instructions; after he has acquired 
reasonable proficiency with tools he will find that a 
firing pin is an easy part to make. It should be 
remembered, however, that firing pins when not 
made correctly have been the cause of robbing 
many of eyesight, and when that is destroyed it 
can never be replaced. 

Extractors — When breeching up new barrels 
against the breech block on any of the single-shot 
actions there should be a perfect fit between the 
barrel and block, so that when the under lever is 
worked there will be no appreciable effort to drop 
the block. These instructions apply to any car¬ 
tridge; therefore when the extractor slot is cut out 
and the old or new extractor fitted into the proper 
position it should be flush with the face of -he 
barrel. 

The old extractor may be used when fitting a 
Hornet barrel if the previous barrel or caliber has 
been a .22 rim-fire, but if it was a larger caliber it 
is necessary to make and fit a new extractor. It is 
a much better plan to secure a new factory-made 
extractor whenever possible, particularly if the ac¬ 
tion should be a Stevens or Winchester; but if it 
is an obsolete arm it is necessary to make one. The 
best steel of which to make a new extractor is cold- 
drawn or machinery steel case-hardened to a 
considerable depth. Tool steel will not stand the 
pressure of extractors, even tho the proper heat- 
treatments have been given; whereas the mild steels 
with the case-hardened surface and the soft core 
will stand the greatest strain. 


Make the length of the extraction end slightly 
longer, so that when the reamers are placed into 
the chamber a perfect radius will be formed. The 
extractur should be in place when the rough and 
finish reaming operation takes place, and also the 
counterbored sections for the head, so that the car¬ 
tridge head enters to the proper depth for correct 
head space. After fitting the new extractor it is 
case-hardened as described in Chapter XVI, except 
that it is left a little longer in the cyanid bath 
than the usual run of work. 

Many of the old single-shot actions were made to 
be unscrewed from the receiver or the take-down 
principle applied. The barrel screwed into the 
frame and was held in alincmcnt by means of a set¬ 
screw under the forward end of the receiver. When 
fitting a Hornet barrel this principle must be dis¬ 
pensed with and the barrel tightened into the re¬ 
ceiver with a large wrench so that a perfect joint 
may be formed between the barrel and action. The 
set-screw is then placed back into the action only 
for appearance or removed altogether and a blind 
screw fitted. 

After the student has all the work completed on 
the barrel and action, the next question is the finish 
of the weapon. The barrel will naturally require a 
blue finish, but the action, particularly the single¬ 
shot variety of Stevens, Ballard, Winchester, etc., 
look much better when case-hardened by the pack¬ 
hardening method described in Chapter XIX, Vol¬ 
ume I, or Chapter VII in the volume you are now 
reading. The smaller actions, such as the Stevens, 
may be given the cyanid treatment. Parts which 
require considerable hardness to resist wear, such as 
the blocks, hammers, pins, etc., and which arc well 
protected and subject to little danger of breakage 
from strain or percussion, may be left a little longer 
in the cyanid bath to obtain a deeper surface to the 
exterior, particularly on low-carbon steel. The 
heat-treatment for colors on bolt-action arms when 
converted to the Hornet rifle should never be at¬ 
tempted by the beginner. Such work requires ex¬ 
perience in the working of metal, and the best 
results will be obtained by bluing the parts. Failure, 
due to lack of the required knowledge of the con¬ 
tents of steel, would lead to disaster. There have 
been too many mistakes made already to warrant 
any person taking chances in the heat-treatment of 
alloy steel used in nearly all bolt-action receivers. 

The demand for a suitable small cartridge with a 
high velocity has been the source of a great many 
trials and experiments until this .22 W.C.F. car¬ 
tridge was brought to light again. Many have 
found the .22-long rifle cartridge lacking in many 
respects; and the same is true of other cartridges in 
this class, such as the .22 W.R.F., kpown as the .22 
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Special. The .22 Hornet, with the same weight of 
bullet except with a jacket of gilding metal, brought 
the velocity up over double that secured in the rim- 
fire ammunition. High velocity was the thing 
wanted, and it was made possible by such men as 
Colonel Whelen, Captain G. L. Wotkyns, Captain 
G. A. Woody, and Mr. A. Woodward of the Spring- 
field Armory. I may have neglected to write upon 
some of the most interesting results in the per¬ 
formance of the Hornet cartridge and rifle, but 
these men have gone into the subject extensively. 

I know that a number of men will never be satis¬ 
fied with the velocity the cartridge is now giving, 
and that experiments will be made to secure a much 
higher velocity; but then a new case must be de¬ 
signed, and when that is done it will require a 
banded cartridge similar to the Magnum cases used 
in such ammunition as the .375 Magnum class. It 
is well for the man who has such ideas to carry 
these out to satisfy a certain fancy, but as it often 
happens, men with these ideas are not in any 
financial position to bring them to light, and those 
who are will have the work performed by others, or 
are quite satisfied to purchase an arm in a standard 
caliber such as in the Hornet class. I shall now 
present Captain Woody’s explanation of the cham¬ 
bering of the .22-caliber Hornet with drawings of 
his own design lor the necessary reamers to perform 
the operation. With such a good explanation of this 
operation, any other caliber can also be done, pro¬ 
vided the necessary reamers are constructed for the 
particular cartridge selected. 

Chambering the .22-Caliber Hornet 

By Captain G. A. Woody 

There are several rifles suitable for modification 
to take the recently resurrected .22 W.C.F., or, as 
it is commonly known, the .22 “Hornet.” Because 
of the fairly high pressure obtained in this load, 
care should be exercised in selecting a rifle suitable 
for it, and should there be any doubt in ones mind 
regarding the strength of the breech and chamber 
walls, he should consult one who knows the strength 
of various guns, particularly the ones from which 
the selection is being made. As noted above, the 
chamber walls are mentioned. Barrels of mild 
non-heat-treated steel are often put on more or less 
cheap rifles. Some of these rifles have breech 
strength sufficient to hold the Hornet, yet a 
chamber made in the mild steel barrel will very 
probably enlarge, due to cold-working the metal. 
In enlarging, there is very little danger of a rup¬ 
ture, as the metal is in reality being set up in such 
a condition to withstand tremendous pressure. Yet 
the enlarging of the chamber is detrimental to 


accuracy obtainable with this cartridge. Further 
consideration should be given the barrel since the 
fairly high velocity and jacketed bullets will even¬ 
tually, and no doubt very soon, wear out where a 
heat-treated barrel might last for thousands of 
rounds. 

Another consideration is the action. This car¬ 
tridge is very accurate, its accuracy at 200 meters 
equaling that obtained with the finest heavy barrels 
firing the most accurate caliber .30 ammunition. 
Obviously, in order to take advantage of this ex¬ 
treme accuracy it is necessary that the action se¬ 
lected have a mechanism which can be tuned up to 
a nice sensitive trigger pull, and so maintained. It is 
useless to select a rifle, however good the barrel and 
breech action is, if the trigger pull is not first-class. 

Having mentioned above the selection of a breech 
action, there remains the selection of a breech bolt 
or block with a sufficiently small firing-pin hole to 
prevent extension of the primer through the firing- 
pin hole. A great many rifles suitable to take the 
.22 W.C.F. or Hornet have relatively large firing- 
pin holes. It has been found that for the Hornet 
the holes should not be larger than .070 inch, and 
.060 is preferable. Pins as small as .050 inch have 
given excellent results. No doubt larger holes 
would give good results, yet there is always that 
danger of blown primers; this reaches extreme 
danger in hammer-actuated mechanisms where the 
end of the firing pin is dangerously near the 
shooter's eye. A great many rifles suitable for 
modification to the Hornet arc rim-firc and it is 
necessary either to purchase a ccntcr-firc block, or 
bolt or plug the off-center hole and drill a ccntcr- 
fire pin hole. There are various means of filling in 
these holes. Some resort to welding and some plug 
them. In all cases the hole should be well closed 
with metal capable of being subjected to the pres¬ 
sure exerted by the rim of the primer cap. This 
pressure is usually very high and has been known 
to set back bushing plugs incorrectly seated. 

In selecting a breech block or bolt, a determina¬ 
tion should be made of the steel used. That is, one 
should know whether it is a case-hardened job or 
high-carbon heat-treated, or nickel steel. All case- 
hardened breech blocks and bolts require annealing 
before machining, whereas many of the high-carbon 
or nickel-steel bolts and blocks can be machined 
without being annealed. This is particularly true 
of nickel steel. However, should it be necessary to 
anneal the high-carbon or nickel-steel bolts or 
block, material of practically the same nature as 
the part to be plugged should be selected, out of 
which the plugs or bushings are to be made: be¬ 
cause when these parts are again hardened and 
drawn together with the bushings or plugs they 
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will all have practically the same hardness. On 
the other hand, should such parts be machinable 
without annealing, the material used to plug or 
bush should be hard, such as high-carbon drill rod, 
since it, in its unhardened state, is sufficiently hard 
to withstand severe punishment. If possible, it is 
often wise, after machining plugs of this material 
to size, to give them a slight hardness before they 
are inserted in place. This is particularly so of 
firing-pin bushings, since the sharp edges of the 
hole will always break down under primer-cap 
pressure if left in an unhardened state. 

Tn the case of pack-hardened or case-hardened 
block and bolts, it is always necessary that the part 
be annealed before machining. This annealing is 
best accomplished by bringing the part up to a 
cherry-red heat and allowing it to cool in a box of 
powdered asbestos. Cooling in the air will often 
produce hard spots. The selection of material used 
for plugs or bushings for this work should be con¬ 
fined entirely to low-carbon steel—a steel that will 
not harden in water. This is necessary since the 
part which has previously been annealed will have 
to be subsequently hardened by quenching in water. 
High-carbon steel would be too brittle under this 
quench. It will be found that these soft steel pieces 
will require some case-hardening; this is best done 
when the bolt or block is being rehardened by 
spreading on the bushing, when hot, a small piece 
of sodium-cyanid. It is not wise to resort to pack¬ 
hardening unless the bushing or plug is relatively 
heavy, as this treatment gives a deep case which 
will often render the part too hard throughout, giv¬ 
ing it the same effect as if high-carbon steel had 
been used as material for the bushing. Annealing 
and rehardening of block and bolts should not be 
done by other than competent mechanics who un¬ 
derstand the resulting stresses and strength required. 

In the selection of any rifle for modification, care 
must be exercised to see that the extractor is capable 
of handling the cartridge to be used. Some rifles 
have extractors which handle the .22 rim-fire, yet 
cannot by any ingenuity be modified to handle a 
cartridge the size of the Hornet. The barrel should 
have a bore diameter of approximately .2180 to 
.2185 inch and groove diameter of .2230 to .2235 
inch. However, it is claimed by some that .2175- 
inch bore and .222-inch groove is satisfactory. To 
get real accuracy, it is doubtful that the groove 
diameter should be much smaller than the bullet. 
With bullets running from .223 to .2235 inch, and 
some .224 inch, it is recommended that a barrel be 
selected that will have a groove diameter not less 
than .223 inch, especially when the lands have a 
large percentage of surface in relation to the grooves. 

One of the most popular rifles capable of being 


modified to take the Hornet—and beyond doubt 
the most satisfactory—is the caliber .22 Springfield. 
M/1. The barrel, while designed entirely to handle 
the caliber .22-long rifle cartridge, handles the 
Hornet bullet of sizes from .223 to .224 inch. 

Obviously, one of the first considerations in 
chambering a rifle is to provide a reamer. The 
reamer should be of a size that will accommodate 
any cartridge you intend to use in the rifle. This 
should not be taken to imply that it should be 
capable of accommodating any make of ammuni¬ 
tion. There are some commercial firms who arc so 
thoughtless as to make ammunition of any and all 
sizes. There are, on the other hand, some com¬ 
panies who have tried to standardize their ammuni¬ 
tion and a rifle handling one make will handle the 
other make just as well. Tn selecting the types of 
ammunition from which to obtain the reamer dimen¬ 
sions it is well to select a few cartridges from 
makers who are more or less standard. Measure 
the salient features, such as the neck diameter, the 
diameter at the shoulder, the diameter at the base, 
the angles of the shoulder and the various lengths. 
These dimensions should be listed. From these 


dimensions select the dimensions you want to apply 
to your reamer. Be sure that in no dimension se¬ 
lected will there be interference with any cartridge 
you have selected. And bear in mind that you are 
probably in possession of some minimum cartridges. 
It is desirable that you obtain from the manufac¬ 
turer the dimensions of the cartridge, but this is 
not always possible, so you have to take what you 
can get. 

A chamber reamer should ream your barrel to 
take the cartridge you are to use plus a slight 
clearance. For a cartridge of small caliber this 
clearance should not be more than .001 at the base 
and about .002 to .003 inch at the shoulder and 
neck. Never have the neck too tight. Tt. does no 
good and often a lot of harm. A good cartridge has 
its bullet and body loaded in line and it should be 
fired this way. The recess for the neck should ex¬ 
tend about 0.010 inch to .020 inch beyond the 
mouth of the case. With these clearances given 
your selected dimensions, you can determine your 
reamer dimensions. The usual way to make a 
reamer is to select a piece of good tool steel of 
a diameter large enough to make a reamer with a 
pilot about one inch long and with a means pro¬ 
vided to hold it. This is best accomplished by 
selecting a suitable thread to which you can attach 
a driving rod. Center both ends with a small center 
drill. Rough down to the dimensions plus about 
0.015 to 0.020 inch, or more if the reamer is long, 
for grinding. Flute in the usual manner and do not 
be misled into using an odd number of flutes to 
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prevent chattering. This can only be had by using 
unevenly spaced flutes. Evenly spaced flutes allow 
quick and accurate measurement and a reamer so 
fluted will not chatter if the proper speed is used. 
In fluting, use good judgment to assure that your 
reamer, after grinding, will have good substantial 
flutes, yet sufficient chip room. 

A reamer should be hardened, drawn, and ground 
in the usual manner. Leave it plenty hard and be 
careful with it. Grind to the dimensions you have 
selected. Back off slightly but not too much. Just 
assure yourself that your edges will cut and not 
drag. The pilot should fit the bore diameter 
snugly but should not be tight enough to bind. 

In chambering a rifle with a reamer which you 
are not sure of, it is wise to get an old barrel first 
and chamber it. Adjust your breech in order to fire 
a shell in the chamber. You can learn a lot from 
the fired case and correct your reamer accordingly. 

The above preliminaries to chambering a Hornet 
rifle, while condensed, are considered essential to 
doing a good job. As stated above, the Springfield 
M/1 caliber .22 is considered one of the most popu¬ 
lar and easily converted rifles. The bolt is removed 
and disassembled. Take the bolt head and remove 
the extractor and ejector. The ejector is removed 
by knocking out the small pin from the top. If the 
bolt head is nickel steel, it will have “N.C.” 
stamped on the under side of the ejector stops and 
can be machined without annealing. If of carbon it 
will be very hard and require annealing. This is 
done in the usual way to allow free machining. The 
first operation is to plug the firing-pin hole. This 
hole has a 60-degree bevel in the rear end. A rod 
should be selected of a diameter which will just 
about fill the largest diameter of this beveled hole. 
If the bolt head is carbon, this rod should be of a 
low-grade carbon steel. If the bolt is nickel, it 
should be of high carbon. Do not make a mistake 
here, since the carbon bolt head will subsequently 
be hardened without annealing whereas the nickel- 
steel head will not be hardened and the high- 
carbon rod is necessary' to give the plug the maxi¬ 
mum strength. One of the easiest methods of 
plugging is to tap out the firing-pin hole into which 
is screwed tightly a threaded end of the rod which 
has previously been shouldered back on a 60-degree 
included angle bevel. With a scratch awl, mark 
through the ejector slot, a line on the rod just about 
.010 inch above flush with the bottom of the large 
hole in the head. Remove the rod and with a small 
cutting-off tool ground slightly to an advance to¬ 
ward the bevel of the rod, turn the rod just at the 
line on the rod to a diameter just under the diameter 
of the turned and threaded end. This will allow 
you to screw the rod again in the head, the last 


pressure twisting it off smoothly at the cut you 
have previously made. Before screwing in the rod 
for the final operation, the hole at the front end of 
the bolt should be counterbored with a diameter of 
about .120 to .125 inch to a depth of about .080 
inch. Into this counterbore you can upset the end 
of the plug by hanging the bolt head over a 
hardened rod which just enters the small hole in the 
interior. To do this operation properly, the threads 
should be removed from the end of the plug, which 
will be in the .080-inch-deep countcrborc. Be sure 
that you have left sufficient metal on the end of 
the plug to upset into the counterbore. 

Having completed the plug, the next operation is 
to recess the end of the bolt for the cartridge head. 
Chuck up the bolt head to run central and with a 
well ground tool slightly counterbore the head to a 
depth of not over .100 inch below the original face 
and to a diameter of the cartridge head plus about 
.015 inch. This recess is necessary in order that 
the lip of the extractor will not be cut too thin for 
the thick head of the Hornet case, yet you should 
not go so deep as to weaken the extractor-retaining 
recess in the head of the bolt. Leaving the bolt 
still chucked up, the next operation is to bore a hole 
in the center. This hole should be about .050 in 
diameter and through the ends to the head interior. 
Now remove the head, and with a flat reamer 
shaped with a bevel, ream the hole to about .060. 

The bolt head is now complete except for hard¬ 
ening. If of carbon, it should be heated to a good 
red and smeared over at the forward end with 
sodium cyanid, or if possible, pack-hardened. 
Usually if you have not cut through the case when 
recessing for the cartridge head the cyanid will be 
satisfactory. This, however, gives only a super¬ 
ficial case. 

The striker should be removed and annealed. 
Leave the pin in but cut it off flush with the end. 
Select a drill about .10 inch and drill into the end 
of the striker while it is chucked up to run abso¬ 
lutely central. Into this hole, which should be about 
V 2 inch deep, drive a piece of drill rod. Cut the 
rod off, about V 2 inch extending, and turn it down 
to fit the hole in the bolt head, leaving a good sub¬ 
stantial point at the place it joins the striker. The 
extreme point should be reduced to just fit the .060 
hole in the head, and when the striker is dropped 
into the bolt head it should bottom. Assemble the 
bolt, and with the cocking piece down in the cock¬ 
ing angle, the pin should be reduced to give a pin 
protrusion of about .050 inch or even less. Remove 
the striker and round off the point to a perfect 
hemisphere. You can nnw harden the striker and 
pin together and draw to a blue. Never have it 
too hard. 
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The extractor lip should be cut down and beveled 
just so as to grasp a shell; and the ejector, which, 
like the extractor, can be filed without annealing, 
needs to be cut back until it comes flush with the 
cartridge head. The bolt head, extractor, ejector, 
and striker are now completed. 

The driving rod you have selected to drive the 
reamer should be turned to fit in the handle of 
your bolt. This supports the reamer. A flexible 
joint, somewhere near the point it is attached to the 
reamer, is very desirable. However, if it screws to 
the reamer and makes a straight assembly, it will be 
satisfactory without the joint. To recess the end 
of the barrel it has been found very convenient to 
have a counterbore with a pilot which fits the .22- 
lnng rifle chamber, and which cuts a recess the 
diameter of the Hornet head, plus about .010 to 
.015 inch. The counterbore should fit the driving 
rod, and a disc the thickness and diameter of a 
maximum cartridge head should he used to deter¬ 
mine with the bolt the headspace you want. The 
bolt should close snugly against the disc or head- 
space gauge. 

Having determined the proper headspace, proceed 
with the reaming. Always ream slowly, use plenty 
of lard oil, and keep the reamer clean. Do not 
allow the reamer pilot to disturb the surface of the 
lands adjacent to the bullet seat. This seat, which, 
of course, is made by a cutting edge just in front of 
the neck, should be carefully made. It is essential 
that the bullet shall rest concentrically with the 
bore and in perfect position to start forward without 
lateral movement. Herein lies one of the greatest 
secrets of Hornet accuracy. Carry the chamber 
forward gently, trying several cartridges until you 
can close the bolt. Do not make the mistake of 
carrying it too far forward as a result of hanging 
up on the head. You will often hear that a rimmed 
case does not require a close fit at the shoulder, yet 
best results have been obtained where this fit was 
snug and the case was not allowed to expand more 
than absolutely necessary. The mouth of the cham¬ 
ber should have the corner broken down slightly to 
prevent the case scraping. 

You can now try' your rifle after having thor¬ 
oughly removed all chips. Examine the fired case. 
If there is a tendency to stick, the place will show 
up on the case and you can lap the chamber out 
with a stick which just fits snugly at the point you 
want enlarged or smoothed. It is an excellent idea 
to lap the entire chamber, but do not disturb the 
bullet scat. The bullet should just begin to en¬ 
grave when the bolt is closed. If it is a little too 
tight you can run your reamer in slightly or you 
can adjust the reamer to lengthen the seat and 
not change the chamber. Always be sure to re¬ 


move all the lapping material before firing the gun. 

If y r ou intend to chamber several jobs, make up 
a roughing reamer; an excellent idea here is to 
have the size of the roughing reamer just the size 
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required to make a resizing die. Your regular 
reamer will have to cut very slightly and will remain 
to size a long time. 

Figure 90 shows the essential tools required to 
make a good Hornet job. Figure 91 shows the 



Fig. 91 

Caliber .22 "Hornet" maximum case measurements 


cartridge dimensions which will give excellent re¬ 
sults. 

After you have given your chambering and other 
alterations your best attention and have obtained 
by your efforts an excellent job, it will amount tc 
nothing unless you stock properly. The stock of a 
Springfield rifle is so designed as to bring out the 
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best shooting results obtainable, but some miserable 
failures can result if the bedding is not right. 

When a barrel and receiver assembly is dropped 
into a stock it should come to rest on three points. 
These points are the inside tip of the forearm, the 
recoil lug, and the rear tang. The bed of the re¬ 
ceiver should not come in contact with its seat until 
the front guard screw is drawn down. With this 
screw drawn down, there will be considerable pres¬ 
sure between the barrel and the tip of the forearm. 
When the rear guard screw is drawn down this 
pressure will be relieved Hue to the rear tang sink¬ 
ing into the stock before contact is made with the 
metal bushing surrounding the screw. This pres¬ 
sure, however, should not be decreased to a point 
lower than about three to five pounds. The barrel 
should not touch its bed except at the tip of the 
forearm. Before the front guard screw is drawn 
down there should be about .015 clearance between 
the bed of the receiver and its bed in the stock. 
This clearance varies with stocks of various wood 
densities. When the front screw is drawn dow r n 
there should be considerable squeezing of the wood 
before the front guard tang comes in contact with 


the receiver. This and the squeezing the stock is 
given, are absolutely essential to good stocking. 
Obviously, it is necessary that the barrel fit straight 
in its bed and not hug either the right or left. 

Wood seldom remains in the shape it was cut. 
It changes shape as it lakes on or lets off moisture. 
Even well oiled stocks will change shape; as a 
matter of fact, the addition of oil relieves strains, 
and if these strains are present when the stock is 
made it will go out of shape when the oil is added— 
not much, but to an amount dependent on the strain 
present. Hence it is almost impossible to machine 
a stock and have it just fit a barrel and receiver. It 
is often necessary, therefore, to bolster up certain 
portions of the stock that arc low and to cut down 
high spots. Often the part under the receiver rear 
tang needs a pad to give it the proper squeeze, and 
this holds true for the portion under the guard 
front tang. Sometimes the barrel needs a thin 
bolster. For this nothing is better than a good 
piece of cardboard or paper shellacked in place. 
Never be content with the bedding of a stock be¬ 
cause a reputable stock maker made it. When you 
have it, it may not be as it was when he finished it. 
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CHAPTER XIV 


Relining of Rifle Barrels 
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T HERE are a large number of fine old .22- 
caliber rifle barrels on single-shot actions that 
have been shot out and rusted because of neglect. 
On many of these arms the exterior and the other 
parts are in perfect condition. The construction of 
a new barrel made to the outside exact duplicate of 
the old barrel, particularly on the outside diameter, 
would cost at least four times what the barrel could 
be relined for. 

Naturally we must draw a dividing line at the 
relining of some of the cheap factory-made arms 
such as the Winchester Model Ofi and 90. New 
barrels can be purchased for these arms for much 
less than a barrel liner would cost. 

When even the small shop intends to set up for 
such an operation it would be well to use a lathe 
for the drilling and reaming operation, as described 
in Chapter X; that chapter contains the complete 
details for drilling and reaming a rifle barrel, and 
those instructions may also be applied to the en¬ 
largement of the interior for the rifle tube to be 
explained in detail later. The operation of relining 
an old barrel is very simple when the proper ma¬ 
terials are procured. There are as many worn pistol 
barrels as there arc rifle barrels, and the same in¬ 
structions may be applied to both. 

The British gunmakers are the pioneers in this 
particular line of work, and it has not reached its 
full popularity over here as it has in England. 

The prevailing impression is that only .22-caliber 
barrels can be relined, but. since this operation has 
become so successful in that caliber, other calibers 
have been taken into consideration such as the .22 
Hornet, .22 W.R.F., .25 Stevens rim-fire, .25-20 
W.C.F., .32-20, .38-40, etc. It will be noticed when 
studying any of the ballistic tables that all the 
larger cartridges have comparatively low breech 
pressures as well as a low velocity. The only reason 
why a tube cannot be applied for the higher- 
velocity cartridge is that the liners would have to 
assume the proportions of a new barrel in order to 
withstand the higher breech pressure established. 
Nevertheless liners could be made for some of these 
high-pressure cartridges (or as they say in southern 
Ohio, “high-voltage cartridges”), but it would be 
necessary to shrink a collar on the barrel at the 
chamber. 


All tubes are obtained from the tube mill in two 
outside diameters which are % and Vz inch and 
have a small hole which is concentric with the 
outside. The hole is a true diameter from end to 
end. The making of such tubes involves consider¬ 
able expense, but the assistance of metallurgical 
chemists with their elaborate laboratory equipment 
has been a great aid in producing a consistently 
high quality of even mixture of the alloys through¬ 
out the entire length of each tube. The first process 
which a rifling tube is subjected to is the straighten¬ 
ing operation, and then comes a complete inspec¬ 
tion. It is placed upon a standard barrel-drilling 
machine and a high-speed spear drill is slowly 
traversed through the interior while a constant sup¬ 
ply of lard oil is used to cut and wash the chips 
away from the point of the drill. Figure 84 
illustrates this drill. 

This operation is called the rough-boring or 
drilling operation and is followed by reaming. After 
drilling, the tubes arc again inspected—and 
straightened if necessary. At this stage they are 
slipped into tubular containers which clamp the 
tube in several places along its entire length with 
a hold firm enough to prevent it from revolving, 
yet without marking or denting it. 

A 12-inch hardened and tempered bit is elec¬ 
trically welded to a long piece of tool sleel similar 
to the ones illustrated in Figure 55 for the boring 
of shotgun barrels. The bit is packed with a strip 
of soft wood which is now used in the tube, and one 
of the cutting edges on the bit is forced into contact 
with the inside of the tube. Very fine shavings or 
chips are removed, so fine that when mixed with 
lard oil they feel like graphite grease. As the pres¬ 
sure from the wood strips decreases, thin strips of 
paper are skilfully inserted between the wood and 
the tool until the desired size of bore is obtained 
and the entire length is parallel. The tubes then 
go to the straightening press or anvil, where great 
precision is required. They are bored to within 
0.0005 inch of the size the tube is to have when 
finished. 

Before being placed on the rifling machine each 
tube is inspected for marks left by the reamers, or 
any other defects; also for straightness and con¬ 
centricity. The reamed tubes that fail to pass be- 
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cause of interior blemishes are reworked and given 
whatever attention is needed to save them. 'Those 
which pass the final inspection and are considered 
to be in the highest state of perfection are rifled on 
a semi-automatic machine. The rifling head is of a 
novel design and cuts all grooves at once. The tool 
is similar to that shown in Figure 69. Absolute 
uniformity of rifling is obtained by revolving the 
dividing head and holding the tube in position in a 
chuck. After so many strokes of the rifling cutter, 
each tooth on the eight, six, or four-groove cutter 
takes a predetermined number of strokes along 
every groove in the interior, and the construction of 
these heads makes it impossible to cut one groove 
deeper or wider than another. 

The liners have now reached the lapping stage of 
the operation, and again they are inserted in a 
holder like that described for the boring and ream¬ 
ing operations. They are lapped with a short lead 
lap which is automatically upset into the grooves at 
each end of the machine’s stroke and has the effect 
of beautifully polishing the bottom of the grooves 
without removing the corners of the lands. The 
emery paste is fed into one end; consequently this 
end is a trifle deeper in the grooves and is there¬ 
fore stamped for the chamber end of the barrel. 

As soon as sufficient time has elapsed to remove 
all tool marks left by the rifling cutter in the in¬ 
terior of the liner, the tube is removed and placed 
into another special holder on another type of ma¬ 
chine having a 6-inch length of lead lap that is cast 
into each tube on a long straight wire. This wire is 
stretched between holders on the lapping machine. 
A carrier on which the tube holder is fixed takes the 
tube backward and forward along this wire with 
the cast lap in place. This solid lapping operation, 
peculiarly enough, does not abrade the grooves as 
much as the bore, and therefore as it leaves the 
machine the liner is practically parallel, altho the 
grooves are about 0.0002 inch deeper at (he 
stamped end than at the other, which is used for 
the chamber as heretofore stated. 

After final inspection these liners are ready to be 
inserted into barrels. A large stock of liners is al¬ 
ways available, and naturally a selection can be 
made according to whether the rifle is for a common 
sporting arm or a high-grade target arm. 

The actual operation of inserting the liner into a 
barrel is undertaken as follows. All movable parts 
are stripped from the barrel while it is held ver¬ 
tically by a special attachment on a vertical drilling 
machine. A pilot counterbore is first inserted at 
the chamber end in order to have the drill make a 
perfect start—also to avoid trouble with the other 
operations, including that of drilling with the spear- 
pointed drill as illustrated in Figure 84. 


The reaming operation is now carried out on a 
standard barrel reaming machine which resembles a 
long-lathe bed with a head stock and universal car¬ 
rier to take any shape or size of barrel. The head 
stock is adapted to hold the high-speed reamer with 
a continuous flow of oil as the reamer is pulled 
through the bore. 

The drill follows the original bore of the barrel 
and is made to cut a hole about 0.005 inch under 
the diameter desired. The barrel is then reamed 
out in a manner similar to that adopted for the 
tubes to give a clean internal surface to the barrel 
and at the same time a perfectly straight bore; if 
not quite straight, it is then straightened, tho this 
is rarely found necessary. 

Taper reamers with pilots to fit the bore interior 
of the barrel for the purpose of driving the brass 
bushings when completed will be explained later. 
After selecting the liner, a barrel is placed on the 
soldering stand. Gas jets play along the entire 
length of the barrel, which is clamped down with 
spring clamps into two grooves cut in the stand. 
The inside of the barrel is tinned the entire length 
with a turning tool, or with a stiff wire brush suit¬ 
ably saturated with solder known as tinner’s solder 
and containing 50% lead and 50% tin. The liner 
is then tinned externally after the end has been 
plugged with suitable wooden plugs of hard wood 
turned to the correct diameter and inserted in the 
heated tube. 

Applying No-ko-rode soldering salts as a flux will 
make the solder run freely. Work the tube in and 
out of the barrel or until it is seen that the liner has 
a clean and bright tinned surface. When it is 
properly soldered into place, allow l]A inches to ex¬ 
tend from each end of the barrel. At this stage of 
the operation a split taper brass bushing, which is 
tinned inside and out, is slipped over at both ends 
and gently tapped into the tapered counterbored 
hole at the ends. When the ends of the tubes are 
cut off flush with the barrel, they give a complete 
finish to the ends, and also possess the advantage of 
centering the liner in the event the barrel-bore 
diameter has been drilled oversize in the operation. 

During the time the soldered barrel is cooling off, 
it is placed in an upright position on one end; when 
completely cool it is suspended by a wire and 
struck with a small hammer. If it does not have 
any “ring" it is reheated, and upon the removal of 
the liner it will show that it is badly soldered in 
places. If well soldered it is placed in a boiling 
soda bath to remove all traces of the No-ko-rode 
soldering salts, which have bad corrosive effects 
upon both ends of the barrel or where it may have 
touched on the outside of the bluing. After this 
last-named operation the protruding ends are cut 
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off the liner. The breech end is filed or machined 
to conform to the original contour and the barrel 
is refitted into its action. 

Before the liner was placed in the barrel, the 
action may have been very close between the block 
and the barrel and the face of the block worn very 
badly. Relining will restore the tightness between 
the new tube and breech block because the liner can 
be left standing out a slight amount, which is neces¬ 
sary to prevent bulged rims with the rim-fire car¬ 
tridges or blown-out primers with center-fire cases. 
The liner is now ready for the finishing operation. 

Final Finishing of Lined Barrels — These in¬ 
structions should be followed very carefully if the 
finest results are to be obtained with any high-class 
rifled and lapped tube. Superior craftsmanship on 
the interior of a liner will show to advantage. The 
most correct process of finishing is necessary to 
obtain the finest accuracy. By fine accuracy is 
meant the consistent grouping into the l 1 /*-inch 
circle at 100 yards. 

We shall assume that the liner has been firmly 
soft-soldered into the barrel and that it has a ring 
like a bell when struck with the hammer. The tube 
should then be made (lush at the breech and a per¬ 
fect fit made between the barrel and breech block. 
The extractor is then let in perfectly and should be 
held between the breech block without any lost mo¬ 
tion. The chamber is now reamed out; this ojxra- 
tion is extremely important, as I have pointed out 
in Chapter XII. After years of many trials we 
have adopted the chamber size that not only suits 
nearly every long rifle cartridge successfully but 
prevents gases from getting back along the case 
while giving perfect extraction. Figure 58 illus¬ 
trates these chambers, and when the reamers are 
made to form them, no rings or blemishes should 
he seen. Gauges should be at hand to work to if 
many barrels are to be chambered in the course of 
time. 

In spile of cutting the throat or head with the 
most accurate throating reamer, it can easily he 
seen that the rifling has slight flashes or turnovers, 
commonly called burrs, caused by the reamer cut¬ 
ting the lead into the rifling. These cannot be re¬ 
moved or corrected by a lapping operation because 
the lap only touches this place by accident; and to 
remove these burrs thoroughly with a lap would 
enlarge the throat beyond the limits of good cham¬ 
bering practise. We therefore first attack such 
burrs with a stiff bronze-bristle brush. After a few 
pulls back and forth, the most obstinate (which at 
the worst are only 0.0015 inch thick) disappear. 

The greatest attention should be directed to the 
throating of a .22-caliber chamber; this should 


never be too deep, but in all processes of this opera¬ 
tion the length of the chamber and lead should be 
perfectly regulated, so that when the breech block 
or bolt is closed, the bullet is slightly pressing into 
the lands. 

A bullet should now be pushed through the 
barrel from the breech, and after forcing it into the 
rifling it should run perfectly smooth the entire 
length of barrel as far as the muzzle. This part 
calls for the closest attention, and if there is the 
least doubt about the chamber, first cut the tube off 
within one inch of the muzzle of the barrel so that 
in case of accident it can be pushed back to form 
another chamber. 

Take a 50-degree angle countersink fitted with a 
0.2173 pilot, and after being assured that the pilot 
fits correctly in the bore and will turn free, slightly 
countersink the end, again using the bronze-bristle 
brush to clear any burrs thrown up by the angle 
cutter. The barrel at the end should appear dead 
sharp as you look into the bore at the muzzle. 

Assuming that the bullet is still in the tube, 
push it right through the end and make sure that, 
no check can be felt as it emerges. In any condi¬ 
tion it cannot be expected to slide through as well 
as it should; therefore a lap about 3 inches long at 
least should be cast and No. 320-M optical emery 
mixed with olive oil used; the high spots must be 
lapped inside at the point discovered and lapped 
out. Provided this is done carefully without en¬ 
larging the bore above 0.2180 inch or without deep¬ 
ening the grooves above 0.2235 inch, the rifle 
should group perfectly. 

It should be noted that when the bore is bell¬ 
mouthed at the muzzle to the extent of 0.001 inch 
over the size that prevails through the entire length 
of the barrel, the rifle will never group consistently 
but will throw one or two wild shots in every group 
of ten. You will often find that a liner placed in a 
barrel will equal the finest matched barrels pro¬ 
duced anywhere in the world. The information 
given here will be valuable to the small-bore rifle¬ 
man; these suggestions, if applied, will solve many 
difficulties. It is still hardly realized that after a 
.22-caliber rifle has been made to group accurately, 
it is almost a crime to clean or in any way touch 
the muzzle end with a cleaning rod or pull-through. 
All cleaning should be done from the breech end 
whenever possible. 

The possibilities of relining rifle barrels include 
not only the single-shot action but bolt-action rifles 
as well. There arc many obsolete arms in the 
hands of riflemen throughout the United States, 
such as the Krag, Enfield, Russian Nagent, etc. 
Take the Krag for instance; there are many of these 
actions in the hands of riflemen, and their barrels 
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can be relined to take such popular cartridges as the 
.22 W.C.F. or Hornet, .25-20 W.C.F., .22 Savage 
high-power, .22 Baby Niedner, .25-caliber Roberts, 
.25-35 Winchester, 6.5 mm. rimmed head, etc. 
Various changes can be made in this action, such 
as removing the magazine and setting a plate over 
the opening where the cover has been removed, cut¬ 
ting out the center of the bolt channel and setting in 
one of the Savage or Winchester magazines, which 
would make the rifle a five-shot magazine rifle. 

Many owners of Krag rifles object to the pro¬ 
jecting magazine on the right side as it often inter¬ 
feres with carrying the rifle in the field, but by 
using the popular cartridges recommended, together 
with the changes, a very fine arm can be built up. 
Other rifles, such as the Winchester Model 95, 
Russian, Steyr, Lebel, etc., have the disadvantage 
of a projecting magazine, but often these disad¬ 
vantages are compensated for by certain other good 
features as on the Krag. This last is the only 
magazine that cartridges can be dropped into, and 
if any one has gone through the experience of try¬ 
ing, with frozen hands, to place ammunition down 
into a magazine like that of a Model-95 Win¬ 
chester, his prejudice against the box magazine 
of the Krag will soon vanish. If you find the 
magazine an objection, however, by all means re¬ 
move it, as Figure 92 illustrates. I do not approve 
of this idea when using standard ammunition for 
the rifle, but for any other cartridge, when it is 
possible to install a new magazine and use any of 
the cartridges named, the removal of the magazine 
should take place and a neatly blued plate be fitted 
over the opening. When relining a barrel for the 
cartridges named, it becomes necessary to alter the 
extractor in some instances, particularly on such a 
small cartridge as the Hornet. The old extractor 


can easily be used, and the only work necessary is 
to build up on the end with a welding operation to 
increase the length, and alter it for the new car¬ 
tridge used; then reharden and temper it to the 
color which will give the end the required strength 
for extraction. 

The relining of a Krag barrel for the Hornet car¬ 
tridge is very reasonable. The selection of any 
other method suggested, even tho only used for a 
single-shot arm, will not be advantageous until the 
time comes when a magazine feed can be provided. 
The Springfield M/1903 and the Enfield M/1907 
could also be altered for any of the cartridges 
named; but to reduce expenses, the Krag offers the 
greatest possibilities even tho it will be found 
necessary to use it as a single-shot arm. 



Fig. 92A 

Magazine removed from a Krag rifle. Hinged cover in the 

opened position 



Fig. 92B 

Closed position, showing the flush outlines along the action 
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CHAPTER XV 


Striking Barrels and Polishing Gun Parts 


AS HAND polishing performed by direct labor 
Jr\ on gun parts is a long and tedious operation, 
we must devise means to accomplish these same re¬ 
sults by power, using suitable polishing and huffing 
wheels in such a manner that very little finishing 
will be required by hand. 

The terms “polishing” and “buffing” are often 
used interchangeably, altho the special process of 
obtaining a very fine surface having a “grainless 
finish” is commonly known as buffing. Soft wheels 
are used to obtain this buffed or grainless surface. 
They are sometimes made of felt to which a very 
fine polishing material is applied, but usually they 
are formed of layers of cotton cloth and are known 
as muslin wheels. These cloth layers, the edges 
af which form the periphery of the wheel, are 
bound together and held on the machine or 
grinder spindle by a collar and nut. Some cloth 
or muslin wheels are sewn in a spiral, from the cen¬ 
ter to the outer edge; they arc used to secure the 
required polish and buffed surface of the part. The 
sewn wheels are known as the “hard wheels,” 
whereas the unsewn are the ones producing the high 
buffed finish. These cloth wheels have soft, yield¬ 
ing surfaces into which the work can be pressed 
so that every curve and comer of an irregularly 
shaped part may be polished. There are also 
wheels made of sheepskin, chamois, canton flannel, 
and paper. 

The above methods are used when power is avail¬ 
able to eliminate most of the hard labor connected 
with hand work. Having in mind the amateur’s 
problems, I shall apply the hand operations as well, 
so that a clear understanding can be had of both 
methods. In the course of your work, power will 
eventually be used, even tho you attach a polishing 
or buffing wheel to a cheap motor; then this in¬ 
formation will be of value to you. 

The gunmaker usually makes most of his polish¬ 
ing wheels; something has been said of this process 
in Chapters I and II, Volume I. There are so many 
varieties and shapes that it would be difficult to 
name them all, but the principal kinds are of can¬ 
vas, walrus, felt, rubber, leather, wood, and linen. 
The wheels mostly used by the trade are made from 
walrus and turned out to different forms and sizes 
to suit all conditions. They have emery or other 


abrasives glued to the surface and are employed 
extensively for finishing and polishing flat and 
rounded surfaces. The flat wheels are used when 
good edges must be maintained. There are wheels 
made of discs of sheepskin, either loose or held 
together. The loose wheels are used to polish un¬ 
even surfaces, and are usually mounted on small 
polishing spindles. The canvas wheels are made 
from canvas belting, and the emery paste or other 
abrasive is applied from the stick. Rubber wheels 
can be made from 1, 2, 4, 6, or 8 inch diameter 
round rubber, such as is used for pressure pads on 
punch presses. These have about the proper elastic 
properties, when covered with fine abrasives, to pro¬ 
duce a very even and true finish. When the final 
buffing takes place, the part has a high luster. 
When the wooden wheels are used, they are usually 
turned very small, felt-glued, and used more to 
polish small springs having radii which would be 
difficult to get to in any other manner. These are 
coated with glue and a very fine abrasive is used. 

When remodeling a rifle, as well as making a new 
one, the exterior metal parts must be finished to a 
high, bright polish prior to being blued or treated 
with any other form of finish desired. The final 
appearance of the arm depends mainly upon the 
high polish secured. This degree of polish is ac¬ 
complished by a number of operations, such as 
striking, emery cloth preparation, rough polishing, 
medium and final buffing. 

Striking — This term is often used in connection 
with shotgun barrel work and the finishing of rifle 
barrels. The term is the result of hand-filing a 
barrel (whether rifle or shotgun) lengthwise, hold¬ 
ing the file while performing the operation in a 
horizontal position or at right angles. In the larger 
shops, barrel striking is in a separate division of 
the plant, and particular men perform this one op¬ 
eration. To prepare a rough-turned barrel, a series 
of striking files, made specially by the file makers 
for this class of work, are used. You can make 
your own striking files from new “vixen” files by 
forging the ends so that suitable handles may be 
used. These files are made up in various lengths, 
widths and forms to work out the rough metal and 
solder when ribs are sweated between the barrels 
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on shotguns. A considerable amount of practise is 
required before such files can be used successfully. 
They are drawn lengthwise of the barrel when the 
finishing takes place. 

A mill file between 10 and 12 inches long is held 
at right angles to smooth out the high spots left by 
the striking files. When using the striking files, 
make a barrel holder from a piece of brass, one for 
each of the different types of barrels you may have 
to do, such as the Springfield, Mauser, Enfield, or 
Winchester M/54. Figure 93 shows one together 
with a holder for shotgun barrels. The amateur 


the final high finishes required before the bluing of 
the parts can be done. If this is the case, you must 
do all this work by hand with a draw-file and emery 
cloth of different grades, adding the final high 
polish with French paper and crocus cloth. Such 
hand work requires time and patience to produce 
the same results that can be obtained by mechanical 
means. On the other hand, the beginner with a 
lathe can turn down the barrel on these same arms 
to any required weight and contour; the tool marks 
left by the lathe tool should be rough-filed or 
stricken out with a tool, as Figure 93 shows, and 
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RIFLE BARREL HOLDER. 



GHOT GUN BARREL HOLDER 

Fig. 93 

Rifle and shotgun barrel holder. This is clamped in bench vise while striking or polishing takes place 


may only have one or two barrels to polish; there¬ 
fore, such holders as these will not be necessary, 
nor will the striking files be an essential addition 
to your tools, for they are of material benefit only 
when you are turning out a number of barrels in 
the course of a year. It would then pay you either 
to purchase a set of these files or make them your¬ 
self, if you have a milling machine to cut the teeth 
in the files similar to the vixen type previously 
described. 

In this chapter I shall mainly keep in mind the 
student who is just starting to remodel a rifle, say 
a Springfield, Krag, or Enfield, without any equip¬ 
ment such as a lathe or polishing wheels to give 


the barrels finished with emery cloth placed in a 
wooden holder, as Figure 94 illustrates. Of course, 
it is also necessary for the man without power 
equipment to make one of these, provided he will 
have other barrels to polish in the future; still this 
can be dispensed with and the emery and crocus 
cloth can be held on the file and used in the same 
manner, as tho you were draw-filing the parts in a 
lengthwise direction. 

Assuming that you have turned down a barrel 
and wish to carry out the striking operations upon 
this part, you will have gained the experience that 
will enable you to judge the requirements of the 
necessary tools involved before using the 12-inch 
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Fig. 94 

Woodon holder for emery clolh when draw polishing gun barrels 


file tp perform the final draw-filing. Purchase the 
vixen files (this type of file is used on aluminum 
and soft metals) in the narrow widths. Offset the 
tang and forge the end, and also offset this so that 
you can get a file handle on both ends. On the 
end you have forged, file and sharpen the teeth 
again before hardening the file. When all this is 
done, harden and draw both tangs to a blue up to 
the teeth on both ends, and insert file handles. You 
have a perfectly flat surface on the file thus made, 
but by ordering these from the file manufacturer 
you would specify a slight concave surface. With 
a file with a flat, you are obliged to use care not to 
produce flats on the work. 

With the barrel fastened in the vise between lead 
jaws in the brass holder and the muzzle resting on 
a gun brace, you are ready to perform the so-called 
striking operation on a gun barrel. Stand at right 
angles to the barrel with the file resting lengthwise 
to the muzzle, and with even straight strokes begin 
to remove the rough tool marks made by the lathe 
tool. Do not continue in the same spot on the 
Strokes, but always shift the striking file toward 
you or away, until it is necessary to turn the barrel 
a slight amount in the vise so that the rough surface 
is again in a convenient place to work. When a 
striking file is cutting perfectly, the chips which 


come off the metal should be in a curled form and 
as line as steel wool, or straight and in the form of 
short wires, tho fine. With such results you know 
the file is at its height of efficiency. If the chips 
are only coming off in the form of dust, however, 
the teeth must be stoned or the barrel will have a 
wavy appearance when polished. Not only can you 
sec these waves as you look along the barrel, but 
their feel will remind you of a wash-board. 

When you come to the radius of the barrel near 
the chamber end, you will find that the straight 
striking file is useless: therefore, it will be necessary 
to make a file with a marked convex surface to 
enable you to finish the radius at that point. This 
is made in the same manner as the straight file 
with the offset tangs, except that it must be bent in 
the form of a bow to pass over this radius and at 
the same time remove the metal as you did on the 
straight cylindrical part of the barrel. These two 
striking files will last for years if the proper care is 
given them. When you have found the perform¬ 
ance of such files greater than your expectations, 
you will continue to make them in a variety of 
shapes and forms, until you have a striking file for 
every kind of barrel you may wish to make or 
refinish. 

It is better to make short striking files rather 
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than the longer ones, for better work can be accom¬ 
plished with them. When the brass barrel holders 
are made for the vise, you then have the entire 
barrel length available to work on. As you become 
accustomed to the use of such files, you will be 
able to use a long one and even stroke the full 
length of barrel, maintaining a constant and even 
pressure to remove the chips in fine curled wires. 
It is not necessary to use as much bearing pressure 
as you would on a regular file. A little practise 
will determine the required effort and effect. Ex¬ 
cessive pressure only makes flat spots, sometimes 
Y l6 inch or more wide, and these are difficult to 
remove in the draw-filing operation. When you 
have had the required practise in this work, you 
will apply the proper pressure; the cuts will have 
scarcely any width and the barrel will have its true 
cylindrical surface. 

When all the high spots have been removed, you 
have completely “struck” a turned barrel. If you 
do not have a lathe to turn a satisfactory taper and 
the necessary radius on the Springfield barrel, 
where the rear sight base has been removed, you 
must “strike” this barrel until the contour and 
taper is pleasing in appearance its entire length. 
With the striking files, remove a considerable 
amount of metal at the rear end of the barrel where 
the base was removed, using as much pressure on 
the striking files as required; this may be easily 
accomplished after the necessary practise is ob¬ 
tained. The old name for these vixen files was 
Dutch planers, and you will find that they were 
well named after you become accustomed to their 
use and see the amount of metal they remove on 
work of this nature. The same methods apply to 
any barrel, regardless of whether it is a rifle or 
shotgun barrel, for removing dents and deep 
scratches which require complete refinishing before 
bluing. This is especially necessary on military 
arms when the barrels have been covered with 
wood, for it was not originally necessary to finish 
such barrels underneath the hand guards; there¬ 
fore, it is essential to strike or draw-file them now 
to make a fine-appearing sporting arm. 

On all Springfield military barrels it is necessary 
to fill in the spline cut on the upper right-hand side, 
which is half a radius left when the sight base is 
removed. This is a pin which is placed half-way 
in the barrel and sight base for an anchor, so that 
the base cannot turn on the barrel. The cross-pin 
slot can be left in; this does not show, as it is 
directly on the bottom of the barrel. Drill the top 
spline cut with a series of four holes, using a No. 
29 drill. Only drill deep enough so that it will be 
possible to catch three or four threads, tap these out 
with an 8 x 36 tap: then apply a screw of the same 


tap size, cut it off about % « inch above the barrel, 
and so on until the four screws are in place. Then 
peen these over flush with the barrel, and after it 
is filed and polished it will not be apparent that it 
was filled in. 

Draw-filing — The file needed for this operation 
is either a wide 10- or 12 -inch mill file. These are 
made by such firms as Disston or Nickelson in this 
country, and by the British or Swiss abroad. A 
wide file is the most essential kind, as it follows a 
straight, well-directed movement of the arms upon 
the cylindrical surface of the barrel; therefore it 
removes the light spots left by the striking files. It 
is well to keep the file chalked on both sides, and 
as often as you knock the file free of chips, again 
go over the surface with chalk. Applying chalk to 
the surface of a file prevents the steel from clogging 
in the teeth; when bunched-up metal is deposited 
in the cuts, it causes deep scratches on the surface 
which are difficult to remove and are not discovered 
until the final finishing takes place with the emery 
cloth. 

A file card should always be handy for removing 
metal deposits in the teeth. A file card is made by 
inserting short stiff wire into leather, and tacking 
it to thin pieces of hard wood with a handle formed 
on one end for convenience. A similar card is used 
in textile mills to pick wool apart, except that those 
used in machine shops have short stiff wires pro¬ 
jecting through the leather, whereas the mill cards 
have longer wires. 

The barrel is either clamped between felt jaws 

in the vise or held in the brass barrel holder with 

* 

the vise swung at the most convenient angle—about 
45 degrees—so that the barrel will be in front of 
you. The striking files were used in the manner 
of a wood plane, but now the file is held in both 
hands in a horizontal position or at right angles. 
Each stroke is taken the full length of the barrel, 
maintaining a very slight pressure on the file. It 
is not necessary to bear down much, for a new file 
which has only been used for draw-filing will re¬ 
move enough metal almost by its own weight to 
complete the most satisfactory job. A little practise 
will teach you the right pressure. Excessive pres¬ 
sure, just as in the striking operation, will result 
in flat spaces, which must be avoided. Each stroke 
of a file will remove a certain amount of metal, 
and when applied in the proper manner will reduce 
a surface in a surprizingly short time without any 
exertion. You will notice many men who habitually 
use a file with a disgusted countenance, making the 
operation anything but a pleasure. When you 
learn the art of draw-filing, particularly on a rifle 
barrel, you can scarcely notice any flat surfaces, 
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and what there are may be easily removed with the 
emery cloth or in the polishing or buffing operation. 

Draw-finishing With Emery Cloth — This work 
is very similar lu draw-filing, except that, you will 
use emery or carborundum cloth in the medium 
and fine grades, which will be in grit sizes: No. 1/2, 
1/0, 2/0, and 3/0 beginning with No. 1/0, and 
finishing with No. 3/0. Figure 94 illustrates an 
emery-cloth holder which can be made up and 
will make the operation a pleasure. This is made 
with four semicircular notches and a clamp to hold 
the emery cloth in position on any of the four sides. 
With the wing nuts for easy removal of the clamps, 
the emery cloth may be changed to any circle; or 
by making two sets of clamps, emery cloth can be 
inserted in all four circles. 

If you so desire you may at first take a piece of 
No. 1/0 emery cloth, 1 inch wide by 12 inches 
long, and cross-polish the barrel. Such a perform¬ 
ance with the emery cloth will 3how the small 
“flats” left by the file. As you grasp the two ends, 
work it rapidly up and down from one end of the 
barrel to the other. Turn the barrel one-quarter 
turn in the vise and repeat the operation until it is 
cross-polished completely. Then use the hand 
polisher lengthwise of the barrel as you did the 
draw-file. Different grades of fine emery cloth are 
used in this hand polishing up to crocus cloth. 
Draw-polish with emery and crocus to a degree 
which will completely eliminate all scratches. Now, 
insert a piece of thin felt, similar to that used with 
the rottenstone rubber in Chapter XII, Volume I. 
The felt is clamped in the largest semicircle in the 
holder, and then optical emery and powdered rouge 
are mixed in equal proportions—or any other 
polishing compound of a similar nature—with sweet 
oil added until a heavy paste is formed. The paste 
is then applied to the felt, and a complete draw¬ 
polishing is again done until a high and bright 
luster is produced. 

In use of the draw-polisher on tapered barrels, 
the largest circles must be used to clamp either the 
emery cloth or felt. After having once begun to 
polish, do not lift the polisher from the work, but 
continue with even strokes the full length of the 
barrel—particularly when using the felt pad with 
polishing paste. 

To use the draw-polisher which Figure 94 illus¬ 
trates, grasp the handles in both hands and use it 
as you did the draw-file, but always continue the 
strokes the full length. Never lift it off the work, 
for if you do there will be small scratches left; this 
does nut matter with the roughing operation, but 
on the complete finishing, every care must be used. 
Try to finish the part with a high luster. 


After a piece of steel is polished with a polishing 
paste to which oil has been added, a greater amount 
of cleansing is necessary because the oil penetrates 
into the pores of the steel. This has been thor¬ 
oughly explained in Chapter XVI, and the student 
is now again urged to use special precaution on this 
point. 

Emery cloth which has been wurn should always 
be saved, particularly the finer grades, for these 
pieces contain enough abrasive to give steel parts a 
very good polish. Such emery cloth can be used 
with the draw-polisher when oil is applied to the 
cloth. Do not apply the oil until it runs off the 
steel, but use just enough so that the parts will 
have a very good film all over. Continue to draw- 
polish with worn emery cloth until you have a high 
luster; this can easily be detected by wiping a small 
spot on the steel surface and observing the appear¬ 
ance of the metal. When the steel is polished to 
your satisfaction, use the worn pieces of crocus 
cloth in the same manner and you will have a finish 
equal to that of any buffing operation. Of course, 
such operations require time and patience, but the 
beginner can accomplish all of these operations 
without power equipment, not only on barrels, but 
on actions, receivers, guards, floor plates, trigger 
guards, revolvers, pistols, and all small parts on 
either rifles or shotguns; on these, similar methods, 
as outlined in regard to barrels, should be applied. 
Revolvers, automatic pistols, and rifle receivers re¬ 
quire various methods to get into the odd cuts, radii 
and corners, and also into the interior of actions or 
any places where it is impossible to use ordinary 
means. 

Power Polishing — There are many varieties of 
polishing wheels. The type used depends upon the 
class of work. A wheel which I commonly use for 
flat work is the rubber wheel previously described. 
Different grades of emery are glued to the surfaces 
—Nos. 90, 100, 120—the grade depending upon the 
finish desired. These wheels are excellent for pro¬ 
ducing results on all classes of flat work, and be¬ 
cause of their flexible nature I have found them 
superior to the walrus wheels. If one of the large 
rubber companies would develop polishing wheels 
of this type not only the flat cylindrical wheels in 
different diameters, but smaller wheels with various 
semicircles or radii—they would have a large sale 
when their advantage over the walrus and leather 
wheels became known. By moulding these in a 
die, a fine corrugated surface would be possible in 
the rubber to hold the emery and glue in place. 
These wheels are used mostly for roughing special 
shapes, and when the finer abrasives are used very 
good finishes are produced. The solid canvas 
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Fig. 95 

Polishing surface of barrel to remove tool mark*, a* done In 
Iho largo arms plants. Tho polishing wheels revolve at a 
moderate speed. This operation is known as "spinning" 


wheels such as those made from canvas belts also 
give good results when fine emery is glued to the 
surface. 

Polishing operations are usually known as “rough¬ 
ing,” “dry-finishing,” “finishing,” or “oiling.” The 
abrasive numbers used for most gun parts and for 
roughing ordinarily range from 80 to 100; for dry- 
finishing, from 90 to 120; and for finishing from 
120 to 150 and also 150 to XV. For roughing and 
dry-finishing the polishing wheels are used dry. 
For finishing, oil, beeswax, and tallow are used on 
the wheel to produce the finish. Dry emery is sel¬ 
dom used by the gunmaker, as all abrasives are 
glued to the surface of the wheels; but in finishing, 
when a paste is used made from beeswax or tallow, 
it is first applied and then the wheel is put into 
operation. 

Walrus wheels are used when a high polish is 
desired; however, they are expensive and it is much 
better to buy a piece of hide and make your own 
wheels. These are the only wheels that can be used 
on gun work requiring special forms. Felt wheels 


are made from Spanish and Mexican felt and are 
also used extensively for finishing. 

Grain Numbers of Emery — The numbers 
commonly used in designating the different grains 
of emery, carborundum and other abrasives are: 
10, 12, 14, 16, 18, 20, 24. 30, 36, 40, 46, 54, 60, 
70, 80, 90, 100, 120, 150, 180, and 200, ranging 
from coarse to fine. The numbers represent the 
number of meshes per linear inch in the grading 
sieve. An abrasive finer than 200 is known as 
“flour” and the degree of fineness is designated by 
the letters EF, F, FF, FFF, F1FF, and PCF, or 
SF, ranging from coarse to fine. From the fore¬ 
going classifications the student will be able to form 
a general idea of what he will require for any of 
the polishing operations mentioned in this chapter. 

Buffing and Polishing Compositions — These 
compositions are in the form of a stick or cake ol 
compressed tallow or other heavy grease containing 
some polishing material, such as tripoli, crocus, 
rouge, flour emery, Turkish emery, Vienna lime, 
etc. When Turkish emery is used, and rapid, sharp 
and even cutting is required, the grit numbers used 
are 120, 140, 150, 180, and 200. 

When gluing emery to the polishing wheels, heat 
the glue, thin it to the consistency of a light oil, 
and apply it to the surface of the wheel. After 
clamping a round piece of steel in the vise, the 
wheel can be placed upon this, and the emery 
sprinkled upon it; a large-sized pan should be un¬ 
derneath to catch the surplus emery. When the 
surface is completely covered, remove the wheel 
and roll it on a clean smooth board so that the 
emery will be well rolled into the glue upon the 
surface. A very effective method is to take three 
sewn-muslin wheels and remove the two outer 
circles of stitches. Then coat the outer surface and 
the spaces between the layers of cloth with coarser 
emery and apply the glue, sprinkling the emery in 
the same manner as described but working it well 
into the layers of cloth where the glue has run. 
Such wheels are used on actions and receivers 
where odd forms are hard to get into with other 
wheels in the roughing operation. 

When making walrus wheels, it is better to make 
a number of different sizes and shapes. These 
should be made in different diameters and sizes for 
use on a small electric motor. One of these motors 
may be purchased for about $8 with the tapered 
spindles for attaching the wheels. The taper is 
threaded up to the shoulder, and when the polish¬ 
ing wheels are attached to the spindles they always 
run true. A dental polishing motor can be con¬ 
verted into a buffing and polishing motor for small 




STRIKING BARRELS AND POLISHING GUN PARTS 


203 


parts. One side of the electric grinder can take 
different-sized wheels, and it is surprizing to see the 
number of different wheels you will use on such a 
motor to solve all the polishing and buffing prob¬ 
lems, from using the wooden disc with sandpaper 
on the face for sanding, to the sheepskin wheels for 
fine buffing. 

The muslin wheels are used more than any other. 
Those of an 8-inch diameter are best for all gun 
parts, from roughing operations with emery and 
glue applied to the surface, to the fine buffing with 
rouge worked in from the stick, or when powdered 
rouge and oil are mixed as a paste. The cloth 
wheels are the only ones that can be purchased at 
a reasonable price. They are used so extensively 
because of their soft yielding surface, into which 
the work can be pressed so that the curves and 
corners of actions or any other irregular-shaped 
parts can be buffed or polished. In the use of these 
wheels as buffs, with rouge or tripoli, a very' highly 
polished surface is the result. There are many 
varieties of wheels on the market, but it will be 
best for the beginner to use the wheels and methods 
I have outlined rather than to experiment upon 
wheels which may never prove satisfactory for his 
needs. 

If you should purchase one of the small utility 
polishing motors, turn up a number of tapered hard 
wooden plugs, as for polishing small radii and 
curves where it is impossible to polish in any other 
way. One end is bored out on a taper to fit the 
tapered spindle and the other end is turned to a 
pointed taper to take the abrasive material. The 
tapered end is covered with fine felt which is glued 
on; rouge or fine optical emery paste is used to buff 
and polish in small corners, such as on springs, 
sears, triggers, etc. Larger wooden spindles are 
made and covered with felt to polish and buff the 
inside of trigger guards. You will find in time that 
you have a great variety of these on hand for all 
small parts. 

When emery alone is glued to the taper, score 
the surface of the wood with the scoring tool, 
lengthwise, so that the glue and emery will have 
a corrugated surface to adhere to. 

Problems of Polishing — When you first begin 
to use buffing wheels you will find that you have 
done a number of wrong things such as trying to 
polish out deep scratches by buffing, when you 
should have used a polishing operation with fine 
emery glued to the proper form of wheel and then 
completed the final buffing with rouge or tripoli 
worked into the correct wheels. You will find that 
each particular job presents its own problem but 
after you become accustomed to each one you can 


always apply the same rules as to other parts sim¬ 
ilar in nature. 

When refinishing a rifle, first remove everything 
from the arm—even the barrel from the receiver if 
j t ou have the proper means. Begin with the barrel, 
as this is the largest metal part, and if it is a mili¬ 
tary arm, leave the front-sight base attached and 
polish this together with the barrel. Of course, if 
you have a barrel band it will be necessary to re¬ 
move this and polish it separately. When setting 
it back in place, make special pins with rounded 
heads instead of the flush pins; for after these 
are removed it is difficult to place them back in 
position, especially on the Springfield M/1903. 
When leaf-sight bases or ramps are soldered to a 
barrel the surplus solder may be removed with a 
circular wire wheel on the motor. It will only be 
necessary to buy a small one for this operation. 
If you do not have electrical connections or a mo¬ 
tor, coarse emery cloth will answer the purpose. 

A fine circular wire wheel is also a valuable addi¬ 
tion to the polishing and buffing department. You 
not only use such a wheel for the removal of rust 
for the bluing operations, but it can be used for a 
number of operations; the polishing of nickel- 
plated revolvers, the complete removal of rust from 
metal parts, and a number of operations such as on 
receivers before polishing takes place to remove the 
old bluing, etc. 

Barrels and parts should be completely polished 
before any additions arc soldered on, such as ramps, 
sling-swivel bases, sight bases, etc. After soldering, 
remove the solder left on the barrel or parts, as 
previously described, and then complete the buf¬ 
fing operation. Be sure to see that no solder re¬ 
mains on the parts. This will be easily detected 
by the colors of the two different metals: One 
will be dull and the other bright. This may go 
unnoticed at times, but if you are a very keen ob¬ 
server you will correct such faults before the blu¬ 
ing is attempted. To remove solder along the 
edges of ramps, sight bases, etc., make a three- 
cornered scraper from an old three-square file, by 
grinding down the point; or you can also make a 
flat scraper from an old hack-saw blade or a flat 
file ground in the form of a scraper. 

Receivers of rifles are naturally the most diffi¬ 
cult parts to polish because of the various curves. 
Muslin wheels with fine emery glued to the layers 
of cloth generally solve those problems and the 
same kind of wheels can be used for the buffing 
operations as described. When hand work is neces¬ 
sary on such parts, emery cloth is the only solution 
and is used in different ways, such as folding the 
cloth around different shapes of files to get into the 
corners. Pieces of hard w r ood in various forms. 
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with the emery cloth glued on, and sticks with thin 
felt cemented on and rouge paste, will also serve. 

Guards must be polished inside the curve with 
fine emery cloth placed on a half-round or round 
file of wood shaped to fit the curves, with the felt 
and paste. Flat surfaces are the most convenient 
to polish, for flat files and emery cloth can be used 
altogether in a lengthwise direction. Automatic 
pistols and revolvers are among the most difficult 
to polish by hand, for you run into the same diffi¬ 
culties as on receivers; but when care and patience 
arc exercised on the easy parts or flat sections, you 
will find that in the course of time satisfactory' re¬ 
sults are produced. The greatest difficulty is to 
hold revolver parts securely, especially the small 
parts of thin plates, etc. Therefore, you must not 
only provide suitable clamping fixtures for the vise, 
but make special ones from wood as well. 

The most essential thing to remember when 
polishing any of these arms is always to polish in 
lhe direction of the profile cuts. When refinishing 
an arm, polish the inside working parts as well. 
Bring them to a high luster, but be very carciul 
not to round the edges of any of the mechanism. 
The inside working parts are rarely finished as 
we see them on Smith & Wesson revolvers; a fa¬ 
vorable impression is received when a revolver or 
any arm is opened and all the working parts have 
a bright and polished surface. I believe that in 
time the public will demand all this much-needed 
improvement. When polishing any parts such as 
these, work in one direction, for cross-polishing 
only tends to dull the surface. This rule naturally 
applies to all polishing operations. 

Polishing Bolts — When polishing these with 
power and the circular buffing or polishing wheels, 
the problem is very simple; but by hand it is rather 
a difficult one, especially on the Springfield or En¬ 
field, which have been Parkerized, causing a rough 
finish. Remove the extractor and extractor collar 
and polish them separately. Clamp the bob in the 
most convenient way in the vise, using either felt or 
lead jaws. Coarse emery cloth may be used, such 
as No. 0 or *4, until the old finish is completely 
removed. At first you must do some cross-polisb- 
ing around the bolt handle and knob with abrasive 
cloth cut in strips of A /2 inch or wider, then com¬ 
pletely cross-polish with fine emerv cloth and oil. 
When finishing these parts it is much better to use 
the worn cloth and oil, as it gives a far better 
finish than the new emery' cloth and oil. To polish 
in the corners fold the cloth around a file or a 
wooden stick. When the roughing operation is 
completed, the bolt proper must he draw-polished 
lengthwise with oiled emery cloth, which will bring 


out a highly polished surface. When all this is 
completed, finish to a high luster with strips of felt 
soaked in rouge paste or optical emery and rouge 
mixed into a paste. A much higher luster may be 
obtained by using a dry piece of felt and rouge 
powder; this is the so-called dry-finish. When fin¬ 
ishing a bolt with the polishing and buffing wheels, 
it is only a matter of obtaining a very fine surface 
with the muslin wheels, using emery paste, and 
for the roughing-down operation rouge or tripoli. 

Be very' careful not to polish down or remove 
any metal, particularly around the lugs where the 
extractor works in, or you will be unable to eject 
the shells. Another place requiring care is at the 
rear of the bolt lugs. It is much better to avoid 
using any abrasive here whatever, for you might 
remove too much metal, causing an excess amount 
of head space or rounding the lugs so that only 
the center has a bearing. This will cause the bolt 
to set back into the metal and cause excess head 
space and difficulty in opening the bolt upon ex¬ 
traction. 

Polishing Shotgun Barrels and Parts — The 

student will run into greater difficulties in the re- 
finishing of shotgun barrels, for on some of the old 
barrels Damascus and laminated steel has been 
used. When such barrels are draw-filed, polished, 
and buffed to a high luster, they must be “eaten 
up” again—a process described in Chapter XVI. 
The plain steel barrels such as the Whitworth, 
Krupp, or standard fluid steel, arc finished the same 
as the regular rifle barrels, except that here is a 
greater amount of work to perform, due to the 
upper and lower ribs of double barrels and ven¬ 
tilated ribs on single trap guns. 

When working on double guns make special 
wooden sticks to polish in the sharp corners of the 
ribs. Be careful not to reduce any of the matted 
surface on the top rib. Shotgun barrels may be 
given much better treatment by hand than with 
power buffing or polishing, when a mailed rib is 
on such a gun; but if it is just a plain rib, the 
power can be used to advantage, provided you are 
able to keep sharp edges on the ribs and lugs. The 
amateur will show better judgment if he will finish 
the barrels by hand rather than to trust to power 
finishing. 

Shotgun actions are usually engraved and case- 
hardened, except the cheaper ones; these do not 
have any engraving, but arc generally hardened by 
the case-hardening method for colors. It will be 
much better to leave these alone except when you 
anneal them to rework the action and fore-end arm 
completely; this will be taken up further on. 
Nearly all the finishing is done by hand, for a power 
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polisher or buffing operation would remove the 
sharp corners. 

There is a considerable amount of refinishing to 
do on any shotgun if it is not of the best grade. 
When any action is taken apart, examine all the 
working parts regardless of make or kind. You will 
find that the sears, tumblers, springs, triggers, etc., 
can be greatly improved upon and all these parts 
given a high luster such as we find on the best 
British guns. Examine the Westley Richards de¬ 
tachable locks; you will find that the finish is very 
like that on the inside of a watch. The same 
effect may be produced by the method known as 
damaskeening—described in Chapter XXII, Vol¬ 
ume I. 

Of course, the amateur will not be able at first 
tu measure up to the British standard, but he can 
obtain finishes which will he a credit to his ability. 
The sears art* usually a neglected part on American 
shotguns. The engaging points which fit into the 
notches should not be touched unless you wish to 
reduce or add to the trigger pull; if this is the case, 
they must be worked over with a fine oilstone. The 
sears must be polished with the small tapered 
spindle polisher if you have a small motor. If it is 
to be done, use fine emery cloth and small files to 
hold the cloth, or other means that will produce a 
high finish. Triggers may be polished on the ta¬ 
pered wooden polishers, and for the fiat sides glue 
fine French or Turkish paper to the small wooden 
disc set on the small polishing motor. The tumblers 
may also be polished in this manner, as the fast- 
revolving disc with the fine emery paper attached 
removes but a slight amount of metal and gives 
a fiat surface a very high luster. Flat parts may be 
polished with the wooden disc; it is surprizing to 
see how complete a finish this method produces. 
The pressure that will give the most satisfactory 
and accurate results, when fiat surfaces are held 
against a disc, depends upon how you hold the 
part and the nature of the work. 

Small parts, such as screws, pins, special small 
parts, etc., should have special holders to fasten 
them so that a satisfactory job may be done. It is 
difficult to hold a fiat piece against a disc polisher, 
and the only method which can he used to polish a 
screw is to make a holder as illustrated in Figure 14. 
Set the head into the counterbored part slightly 
above the surface and clamp the wing mils; then 
hold the fixture against the disc very lightly, and 
produce a fiat, polished surface on the head. By 
trying to hold the screw in a holder with the head 
projecting over the holder, you have a surface 
which is off on an angle. On most screws the heads 
are more or less marred, and this is usually because 
of the efforts of some one trying to remove them 


with poor screw-drivers not fitting the slots; badly 
marred heads must be reworked and repolished by 
the method outlined. Rounded screw heads must 
be polished either in a lathe or a drill press, first 
filing them to remove the burrs left by the screw¬ 
drivers, then holding the fine emery cloth or paper 
on your finger-tip until the head has a finely fin¬ 
ished surface. 

Vise Clamping — When parts are clamped in 
the vise for polishing, great care and judgment must 
be used, because of the nature of some parts. One 
essential point is to protect all parts from the vise 
jaws; this is just as important as using forethought 
when clamping parts that are thin and liable to 
spring and be ruined, between padded vise jaws. 
Lead jaws arc one of the most useful accessories 
for a vise and an essential part of a gunmaker’s 
equipment. Next conic the felt jaws, altho these 
are made more for softer material such as wood 
and blued parts, which are easily marred if clamped 
in any other manner. Sheet brass and copper follow 
for some of the larger metal parts. Leather can 
be glued to wooden barrel staves or thin gum wood 
and used as vise jaws. The main thing is always 
to keep in mind the proper clamping methods when 
polishing any metal parts in a vise, and to provide 
material and means most suitable for the work you 
are doing. Always look ahead to see that you are 
using the correct locations on the parts so that you 
will not spring or damage them. There is usually 
a way out when mistakes are made on wood work, 
but when you spring or crack a receiver you can 
only purchase a new one. 

The polishing and buffing of steel parts requires 
considerable experience before you reach the point 
where you are capable of producing a fine and even¬ 
grained finish on them. 

1 have not touched upon the subject of a buff 
finish on nickel-plated parts, or the finish given to 
chrome-plated work, or even the brass you find on 
antique arms; as so little of this work is done, 1 did 
not deem it necessary. Your problem is to secure a 
luster upon steel parts of the more modern arms, 
and if all instructions are followed out you will un¬ 
doubtedly he pleased with the results of your hours 
of labor. Then, if you have completed the interior 
of the firearm equally well, you will be proud to 
say it was through your own efforts that it appears 
as it does. 

Here are a few' rules which should be remembered 
when polishing by power or by hand: 

1. Polishing wheels should be kept In perfect 
balance and running true at all times. A wheel out 
of balance wastes time and will not do good work. 

2. When using a file as a holder for emery cloth, 
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care should be taken to wrap the cloth around the 
file two to four times, so that the file teeth will not 
break through and cause deep scratches. That is 
the reason wooden holders are best. 

3. When choosing wheels for either polishing 
or buffing, select them for the particular work you 
are about to accomplish. As in grinding, only the 


wheels best adapted for that purpose should be 
used. 

4. Scratches will magnify greatly through the 
bluing—those who place a “Pittsburgh finish” on a 
firearm will be surprized to see how the bluing will 
show this finish up. A luster free of scratch pro¬ 
duces the best bluing on any metal. 



CHAPTER XVI 

The Art of Bluing 
and Browning 
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fhe Art of Bluing and Browning 


T HE primary object of bluing and browning is 
to dull the bright color of the barrel and other 
metal parts exposed to the sight of game. It does 
not entirely prevent the metal from rusting, but rust 
will not attack the steel thus treated so readily as if 
left in a bright condition. A well blued or browned 
rifle or shotgun is as pleasing to the eye as a well- 
groomed person. When a weapon so treated is 
displayed to a group of men and commented upon, 
a question arises in the minds of the more curious 
as to just how the lustrous blue-black finish is 
obtained. 

The first consideration in browning or bluing 
is an analysis of the metal and of the heat treat¬ 
ment to which it was subjected. You would not 
expect the same result on a hardened piece of steel 
as on a soft piece, even tho these were fastened 
together and one solution used for both. It is neces¬ 
sary to mix the solution for more strength when 
bluing or browning a hardened piece of metal. One 
will find the low-carbon steels easiest to blue or 
brown with any of the solutions used for this pur¬ 
pose; the high-carbon steels, together with the 
alloy steels, come next. The case-hardened or heat- 
treated alloy steels are the most difficult, but be¬ 
come fairly simple when the right solutions are 
learned. 

There are various methods of bluing and brown¬ 
ing, such as the several acid processes, bluing with 
the potassium nitrate bath, bluing by charcoal 
and charcoal gases, pack-hardening with charred 
bone and other animal substances in cast-iron boxes, 
and the cyanid bath. The latter subjects will be 
treated in separate chapters. The beginner, making 
a thorough and individual study of this subject, 
will find that a fundamental knowledge of chemis¬ 
try is very useful in working out many of these 
problems. 

The word “browning” is the original British term 
for the process of producing color on steel or iron 
with acid. “Bluing” is more universally used and 
is technically correct. One very seldom sees now¬ 
adays a really brown finish on a firearm unless it 
is an antique. However, the British still use the 
term browning even tho the metal is blued. In this 
chapter I have described both processes so that 
the student may use either, according to his fancy. 


Another process is Parkerizing. This is the 
method in which the service Springfields are fin¬ 
ished; it is efficient and highly rust-resisting. 
Parkerizing, briefly described, consists of sand¬ 
blasting and boiling all parts to he finished in 
a solution of “Parko Powder” composed nf specially 
prepared powdered iron and phosphoric acid. Tn 
the process minute particles of this powder are de¬ 
posited on the metal and dissolved. The result is 
a dull non-reflecting finish, which, while less attrac¬ 
tive than bluing, is far more practical from a mili¬ 
tary standpoint. It is possible, however, by buffing 
the parts with various oils, to produce a soft gloss 
that is more attractive. This method is far too 
cumbersome and expensive for the beginner, who 
only has a small amount of bluing to do from time 
to time. 


The large arms plants have a separate depart¬ 
ment set aside for this work. When using the rust¬ 
ing process for bluing they have cabinets so ar¬ 
ranged that the air is kept at an even temperature 
and is saturated with humidity. Special processes 
allied to the Parker method arc also used. 


If the methods outlined are followed carefully, 
you will be able to secure results similar to those 
of factories with modern equipment. They should 
be economical, enabling you also to use them with 
equal efficiency in both summer and winter. 

In purchasing a supply of chemicals, 1 would 
suggest that you choose for each method those 
which answer your purpose most satisfactorily. 
Have a wholesale drug house or your local druggist 
supply your needs. If, however, you wish to experi¬ 
ment with more than a few of the formulas, you will 
find the following list of chemicals very helpful. 
They form the principal bases of all. 


Aqua regia 
Verdigris 
Sulfate of zinc 
Vinegar 
Salt 

Sal ammoniac 
Gallic acid 
Corrosive sublimate 
Ferric chlorid 
Copper sulfate 
Distilled water 
Sodium nitrate 
Nickel carbonate 
Sulfur 

Ferrous chlorid 


Binoxalate of potassium 
Potassium nitrate 
Bismuth oxychlorid 
Tincture of ferric chlorid 
Hydrochloric acid 
Nitric acid 

Alcohol—pure grain spirits 
Cupric chlorid 
Sweet spirits of niter 
Ferric chlorid 
Caustic soda “cleaning” 
I.ime “cleaning” 

Benzine “cleaning” 

Black oxid of manganese 
Ferrous sulfate 
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With the above it is necessary to have a scaled 
measuring glass, glass funnel, glass mixing recep¬ 
tacle, glass mixing rod, and blue or brown bottles. 
A complete equipment should include three galva¬ 
nized tanks, one three-burner gas stove, or a spe¬ 
cially-built gas arrangement to take as many as 
three tanks. A small motor that will carry a fine 
steel wire circular wheel at least 7 inches in 
diameter should be nearby. The galvanized tanks 
should be made 5 inches wide and 5 inches high, 
the length being governed by the longest barrel or 
part which is to be blued —\2 to 44 inches is very 
convenient. Mark the tanks Nos. 1, 2, 3; tank 
No. 1 to be used for the caustic soda solution, tank 
No. 2 for the lime, and tank No. 3 for hot water 
and bluing the work with the quick-method process, 
for boiling the barrels, and as a means for securing 
the required humidity to rust parts. On each end 
of all three tanks have gond-sized handles for mov¬ 
ing off the gas stove and in cleaning. On tank No. 
3 have a lid, eune-shaped, with a rod fastened in 
the center on the under side the full length, so 
that the hooks can be fastened to it and to the 
work. On the lid have also four pieces of flat stock 
fastened one on each corner, projecting from 10 to 
15 inches from the bottom of the lid so that when 
this is placed over the tank there will be an opening 
of 12 inches between the lid and top of tank. The 
object of this hood is to get the required humidity 
from the steam that comes off the water, rising to 
the cone-shaped lid where the work is fastened. The 
water only needs to be heated to generate enough 
steam to saturate the air with moisture. By all 
means avoid having too much of the latter, or it 
will condense on the work. After a few parts are 
blued in this manner, one can easily regulate the 
required humidity to secure proper results. 

Before any barrel, cither old or new, can be 
blued, it must be highly polished and absolutely 
free from oil or grease. It is advisable to wear 
clean cotton gloves throughout the operation to 
prevent the hands from touching any part of the 
work, for as we know, the skin contains oils and 
acids which react chemically. 

If the work upon which you are engaged is 
a rifle or shotgun barrel, grease or oil the inside 
well and make suitable wooden plugs of hard maple. 
The plugs should be at least 1 inch in diameter 
and long enough to act as a handle. Turn these to 
a shoulder, six-thousandths of an inch larger than 
the groove or bore diameter. Remember to allow 
for these plugs when constructing the tanks. 

If a plug is for the muzzle of a barrel, turn it to 
the required groove diameter, 2 inches long. Grease 
well and drive in, allowing over % inch between 
the muzzle and shoulder of the plug so that the 


muzzle can be blued as well as the rest of the barrel. 
The one for the chamber should be turned the same 
form as the chamber, allowing oversize to drive in 
place. Both should project enough to form handles. 
When such precautions are used, there is no possi¬ 
bility of the acid reaching the inside, to ruin rifling 
or chamber. 

When the barrel is thus prepared, saturate a clean 
cotton rag with benzine and wash the work to 
remove all oil or grease before placing in the tank 
of caustic soda. In tank No. 1, place 3 inches or 
more of water. Let this come to a boil, and add a 
sufficient amount of lye or caustic soda in the 
water to form a very strong solution. Place the 
work in the solution and allow to boil for ten min¬ 
utes, removing all grease and oil. Remove and 
rinse with hot water. In order to handle work 
conveniently, make two hooks from %-inch cold- 
drawn steel. When thus prepared the metal is free 
to take the solution evenly. These solutions may be 
used again at some future time, so it would be well 
to make flat lids for the tanks to protect the solu¬ 
tions from dust and evaporation. 

Before using tank No. 3, wash it well, first with 
caustic soda and then with some of the lime solu¬ 
tion from tank No. 2 to remove all traces of grease 
and oil. After rinsing well and filling with clean 
water, it is in readiness for the bluing operation. 

Before beginning there are a few cardinal things 
to be remembered. As mentioned earlier in this 
chapter, all steels are not alike; we refer to them 
by different nomenclature. There is low-carbon 
steel, which includes cold-drawn and machinery 
steel; there is high-carbon steel, also called tool 
steel. The alloy stceU contain nickel, vanadium, 
chromium, manganese, and tungsten. When varied 
steels are treated, the formulas must be changed by 
adding to or diluting the solution for oxidizing. 

Low-carbon steels are simplest to blue when heat- 
treated by pack-hardening or the cyanid bath. 

If the acids are unsatisfactory on the cold metal 
when applying any of the solutions in the so-called 
ten-day processes, which are described later, heat 
the parts in water or in tank No. 3 to about 160 
degrees. If they are still unsatisfactory, increase 
the copper sulfate, or add such acids as hydrochloric 
and nitric. This problem is very simple fur a 
chemist to solve when the bases of the formuke are 
worked out, but with the average man, patience is 
required to accomplish such results. I have en¬ 
deavored to compound these formuke precisely, so 
that no trouble will be experienced when using 
them if all directions are followed carefully. In my 
own experience it took a number of years of pains¬ 
taking work to perfect them. Many a problem 
encountered by the beginner can be solved merely 
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by adding to the solution a grain of common sense. 

BLUING SOLUTIONS 

Formula No. I — Quick Method or Hot-solu¬ 
tion Process — 


1st 750 gr. (avoir.) corrosive sublimate 


1000 “ 

potassium chlorate 

1200 “ 

potassium nitrate 

300 “ 

ferric chlorid 

150 “ 

cupric chlorid 

300 “ 

sodium nitrate 

2nd 1700 lc. 

distilled water 

3rd 175 cc. 

sweet spirits niter 


Weigh out the first six chemicals, placing them 
in a glass receptacle or glass jug. Heat the 1700 
cc. of distilled water to 130 decrees Fahrenheit. 
Pour into the glass receptacle and keep agitating 
until all chemicals are completely dissolved. Let 
cool. After ten hours, add 175 cc. sweet spirits 
niter. Place in blue or brown bottles. Shake well 
before pouring into bottles and let stand twenty- 
four hours before using. Label bottles POISON. 

Directions for Use —This is one of the finest 
formulae for quick-method bluing. It only requires 
one hour to complete a rifle and will produce a fine 
blue finish if directions are carefully followed. It 
can be used for almost any steel. Naturally, varia¬ 
tions will take place when it is used on heat-treated 
parts. 

After the work is prepared, place 3 inches of 
water in tank No. 3, rain or distilled water pre¬ 
ferred. Rain water should be secured if at all pos¬ 
sible. The chemically treated water encountered in 
all cities has various deleterious effects on the 
bluing operation and at times the finish will be 
streaked with gray. 

Secure a heavy eight-ounce bottle with a large 
opening at the mouth and attach a wire around the 
top. Fasten it in one corner of tank No. 3. Locate 
it at the most convenient end to work from and let 
the bottle rest on the bottom of the tank. Pour 
four ounces of the above solution in the bottle, al- 
lowing the work and solution to boil together. Be 
sure that no water enters the solution while the 
operation is in process. Make a swab of 1-inch 
gauze bandage on a clean maple dowel or slick, 
slitting the end with a hack-saw lo anchor the 
swab. 

Have two wooden blocks made with notches cut 
out in the center so that the wooden barrel plugs 
may rest in these cut-outs while applying the solu¬ 
tion or carding off the rust. If you do not happen 
to have, for the next step, a motor with a circular 
wire wheel attached, use No. 2/0 or 3/0 steel wool 


or a fine carding brush for light burnishing. If 
steel wool is used, bunch and hold it so thaL only 
one pari is used throughout the operation. 

Place the metal parts to be blued in boiling hot 
water. Let remain between three and five minutes. 
Remove and apply a coat of the solution. Use even 
strokes lengthwise of the work. Let the heat of the 
barrel or parts completely dry the solution and 
place back in the boiling water. Let boil between 
two and five minutes. Remove and card off the 
rust and apply another coat of the solution. (To 
“card ofT is to remove rust by means of wire 
browning brushes, steel wool or a circular wire 
wheel.) Repeat the operation between six and 
eight times. Each operation deposits a coat of 
stain or blue, and after the sixth or eighth applica¬ 
tion a very heavy coat is built up. After carding 
the last time give the work a coat of light gun oil— 
raw linseed oil—while still warm, to terminate 
further action of the solution. 

Throughout this operation work very rapidly, 
both in applying the solution and carding off the 
rust, for the solution will take effect much better 
on heated steel. If too much time is lost when 
using the circular wire wheel on the motor, place 
back in the boiling water a few minutes before 
applying another coat. When using either steel 
wool or the carding brush, apply it gently and with 
light pressure. The same caution should be ob¬ 
served when working with the circular wire wheel. 
Remove the parts from the water with the two 
hooks made from % cold-drawn steel; each small 
part should have a wire attached so that it may be 
lifted from the water conveniently. 

The secret of bluing small parts is to coat the 
surface as soon as the water dries off and place at 
once back in the solution. After removing the rust, 
place the part back in the boiling water, remove, 
and apply a coat of the solution, meanwhile keeping 
the swab in the solution until the very instant of 
applying. 

When the several applications have built up a 
blue-black color, as dark as it will apparently be¬ 
come, rub it well with No. 3/0 steel wool and then 
with a clean cotton cloth. Use the fine steel wool 
and card on the matted surface. If the work is 
engraved, brush over very lightly, as this operation 
burnishes the surface and a velvet finish is secured. 
Oil as directed previously. Wipe off in a few min¬ 
utes and rub beeswax and turpentine into the parts; 
rub until all traces of the oil are removed. This 
will produce a beautiful finish. (See formula No. 
5, Chapter XII, Volume I.) Remove barrel plugs, 
wipe out the bore, and apply gun oil. The parts 
arc now ready to assemble. 

When this solution is used on parts where gold 
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inlay has been used, you will find that the gold has 
turned white, a change due to the action of mercury 
in the corrosive sublimate. To restore the bright 
gold appearance, dip a toothpick in raw nitric acid 
and rub over the gold. Care must be taken that 
none of the acid touches the parts already blued. 

Variations for Formulas — When dealing with 
heat-treated or case-hardened parts such as Krag, 
Springfield and 45-70 Model 1873 receivers and 
lock plates, or shotgun actions which have been 
case-hardened, polish brightly and remove all traces 
of oil or grease by thoroughly cleaning with alcohol. 
Make a small swab from gauze bandage on a hard¬ 
wood stick. Then rub over the hardened parts with 
nitric acid. When the surface of the metal shows 
a black appearance, wash in hot water before plac¬ 
ing in tank No. 3 for the coats of quick-method 
bluing solution. In this instance the action of the 
acid on the surface of the steel is necessary to make 
it chemically receptive for the solution. 

For some. Stainless Steel it is necessary to mix a 
coppering solution as follows: 

240 cc. distilled water 

Add all copper sulfate it will dissolve 

Then add 2 cc. sulfuric acid 

Test by applying to a piece of steel, and if nec¬ 
essary, add a few more drops of acid. The surface 
should show a light copper coating. Wash parts in 
alcohol to remove all traces of grease or oil, and 
apply solution with a swab. Then apply a coat of 
nitric acid as given for hardened parts. Rinse well 
in hot water after the desired results are obtained, 
and proceed with the quick method of bluing. You 
will find that to blue these steels is rather a difficult 
operation; it will be necessary to lay on more ap¬ 
plications than for the alloy or cold-drawn steels. 

There are other slight variations of formula, but 
you have the base of one of the best. It is suited 
for all purposes where a quick process is required. 
Of course, the evaporation of the sweet spirits of 
niter takes place very rapidly when the operation 
requires too much time. When half finished, if the 
time required is more than anticipated, add a small 
amount of sweet spirits of niter to the solution left 
in the bottle. If you wish a deep black color, add 
more sodium nitrate to the ready-mixed solution. 

Formula No. 2 — Simple Quick Method or 
Hot-solution Process — 

800 gr. (avoir.) corrosive sublimate 
1200 “ potassium chlorate 

1400 “ potassium nitrate 

900 cc. distilled water 

120 cc. sweet spirits niter 

Weigh out the first three chemicals, placing them 


in a glass jug or other receptacle. Heat the 960 cc. 
of distilled water to 130 degrees Fahrenheit. Pour 
this into the glass receptacle and keep agitating 
until all chemicals are completely dissolved. Let 
cool. After ten hours, add the 120 cc. sweet spirits 
niter. Place in blue or brown bottles. Shake well 
before pouring into bottles. Let stand twenty-four 
hours before using. Label bottles POISON. 

The same methods as those given in Formula No. 
1 are used throughout the operation. These chem¬ 
icals can be secured in any part of the world where 
you can find a drug store. The last-mentioned 
formula contains the base of all the quick-method 
bluing solutions placed on the market in recent 
years; they sell for SI.50 to $2.50 per 4-oz. bottle. 
Many gunsmiths and amateurs have used it and in 
most cases very successfully. If any difficulties 
have been encountered, they have been due to not 
recognizing the varieties of steel, negligence in free¬ 
ing the parts from grease or oil, and a number of 
causes which seem trivial to the beginner, but 
which are nevertheless of great importance. If you 
meet with disappointment, try again, keeping in 
mind all the elementary instruction that I have at¬ 
tempted to bring to notice. 

Formula No. 3 — Simple Quick Method or 
Hot-solution Process — 

600 gr. (avoir.) corrosive sublimate 
1CO0 “ potassium chlorate 

800 “ >odium nitrate 

800 ** potassium nitrate 

960 cc. distilled water 

120 cc. sweet spirits niter 

Mix the same as in Formulas 1 and 2. The 
sodium nitrate has been increased to produce a 
deeper black, and is similar to Formula No. 2. 
Both formulas are good for the student to practise 
with. 

Formula No. 4 — Ten-day Rusting Process 
of Bluing — 


1900 cc. 

distilled water 

180 cc. 

tincture ferric rhlorid 

1.80 cc. 

sweet spirits niter 

M) cc. 

nitric acid 

S00 gr. (avoir.) 

corrosive sublimate 

400 “ 

copper sulfate 


Mix in order given and place in blue or brown 
bottles. Let stand for three days before using so 
that the chemicals will amalgamate. 

Directions for Use —This formula is a ten-day 
rusting process. Prepare work by |x»lishing, remov¬ 
ing oil and grease as directed in the first part of 
the chapter. After boiling, remove and let cool 
slightly, and apply a coal of the solution with a 
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clean swab. Place the cover or lid on tank No. 3 
in position. Fasten work to the rod in center of 
the top. Have the water warm enough so that the 
proper humidity will saturate the air under the 
cover and the work. Do not allow moisture to col¬ 
lect on the work, forming drops of water. If it is 
not possible to collect the required moisture, place 
a cloth around the tank and lid so that no humidity 
can escape. Let stand between eight and ten hours. 
Card off the rust with a circular wire wheel or No. 
2/0 steel wool. Boil for about five minutes. Re¬ 
move and let cool. I find it desirable but not nec¬ 
essary to do this, for each boiling neutralizes all 
chemical action of the previous application of the 
add and gives the new coating of the solution a 
belter foundation to build upon. Repeat this op¬ 
eration between ten and twelve days, twice each 
day. 

Fine results are secured by applying Formula No. 
2 first. Then give the work a three-day treatment, 
except to remove the rust more often as you have 
a body built up, making the rusting process take 
better effect. This method not only shortens the 
process, but you secure a wearing surface as tbo 
the ten-day process were used. 

Formula No. 5 — Rusting Process of Bluing — 

900 cc. distilled water 
90 cc. tincture of ferric chlorid 
15 cc. nitric acid 

220 gr. corrosive sublimate (avoir.) 

1 10 44 copper sulfate 

Mix in order given and place in blue or brown 
bottles. Let stand for three days before using so 
the chemicals will amalgamate. Same instructions 
to be followed as in Formula No. 4. 

Formula No. 6 — Rusting Process of Bluing — 

300 cc. nitric acid 
240 cc. hydrochloric acid 

Mix the acids in a glazed stone jar out of doors. 
Add 600 grains of machinery sleel chips which are 
free from oil or grease, or 600 grains of iron nails 
which have not been galvanized. Let stand until 
acid has completely dissolved the chips or nails. 
Then add to this mixture three quarts of distilled 
water. Place in brown or blue bottles and let stand 
three days before using. 

Directions for Use —Clean the barrel or parts as 
previously described for quick-method process. 
After the final boiling, wash in clean water, dry and 
cool. Apply solution with clean swab. Place bar¬ 
rel in position on hooks in tank No. 3 as explained 
in Formula No. 4, or in a damp place for twelve 
hours. When a heavy coat of rust has formed, card 


(his off on circular wire wheel or with steel wool. 
Boil in hoi water lor about five minutes. Let dry 
and cool and re-coat with (he solu(ion. Repeat this 
operation every twelve hours for ten days. After 
final carding, boil. Let dry and oil. When cool, 
apply beeswax and turpentine as explained in 
Formula No. 1. This solution works out best on 
cold-drawn steel, and the result will be a beautiful 
blue which will wear for years. This is one of the 
old formulas and when a barrel is completed with 
this finish it always commands admiration. 

The following combined formula on the quick- 
method and rusting process of bluing are given for 
broader choice and for experimentation. The first 
six are the most reliable; however, the student 
should have others at his command to acquire the 
experience and perfection necessary to satisfactory 
development. As mentioned earlier in the chapter, 
if you have had a course in chemistry you will find 
this knowledge, even tho fragmentary, to be very 
useful. Combinations are possible, as for instance 
to compound the quick-method with the rusting 
process, as (he chemicals I have listed are of such 
a nature as to impart color lo metal when properly 
used. Those who wish (o make a more exhaustive 
study of the subject may proceed from where T 
have left off. 

Formula No. 7 — Rusting Process of Bluing — 

90 cc. alcohol 

90 cc. tincture of ferric chlorid 

1300 gr. (avoir.) corrosive sublimate 
90 cc. sweet spirits niter 

45 cc. nitric acid 

800 gr. (avoir.) copper sulfate 
2000 cc. (2 liters) warm distilled water 

Mix in order given. Place in blue or brown 
bottles. Let stand three days before using. 

Directions for Use —Apply solution with swab. 
After allowing to dry for twenty-four hours, remove 
loose rust with card or fine steel wool. The second 
coat is given in the same manner, after which the 
work is boiled in water and dried quickly. Boiled 
linseed oil, beeswax, and turpentine are applied to 
achieve a glossy surface and act as a rust pre¬ 
ventive— 1 part linseed oil, 1 part beeswax, 1 part 
turpentine. (See Formula No. 5, Chapter XII, 
Volume I.) 

Formula No. 8 — A permanent and beautiful 
blue-black color may be obtained by using just 
enough water to dissolve two ounces of copper sul¬ 
fate and then adding enough ammonia to neutralize 
and make it slightly alkaline. Test with litmus 
paper. The work must be heated before immersion. 
This was tried when I was at the Arsenal, but the 
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work was never carried far enough to see what re¬ 
sults could be obtained on small parts. 

Formula No. 9 — Rusting Process of Bluing — 

135 cc. alcohol 

45 cc. tincture ferric chlorid 

660 gr. (avoir.) corrosive sublimate 
45 cc. sweet spirits niter 

450 gr. copper sulfate 

20 cc. nitric acid 

1000 cc. distilled water 

Mix in order given, and warm distilled water to 
130 degrees Fahrenheit. Add copper sulfate and 
corrosive sublimate. Dissolve these solids and add 
liquids in order given. 

Three treatments will produce very satisfactory 
results with this formula, carrying through the same 
routine given for other formula*. 

Formula No. 10 — Quick Method or Hot-solu- 
tion Process — 

50 gr. (avoir.) corrosive sublimate 
1800 “ ferric chlorid 

470 “ ferrous chlorid 

3 cc. hydrochloric acid 

1000 cc. (I liter) distilled water 

Heat water to 130 degrees Fahrenheit, and dis¬ 
solve all chemicals. Let stand for twenty-four hours 
before using. 

Clean work as before and use the same treatment 
as given in Formula No. 1, but boil the parts for 
twenty minutes after each removal of rust. The 
treatment only requires three repetitions. This 
formula produces a very fine deep black. 

Formula No. 11 — Quick Method or Hot- 
solution Process — 

55 gr. (avoir.) bismuth oxychlorid 
112 “ corrosive sublimate 

55 “ cupric chlorid 

4 cc. hydrochloric acid 

15 cc. alcohol 

150 cc. distilled water 

Mix in order given. Treatment as described in 
Formula No. 10. Produces a very' deep durable 
black on soft, hard, case-hardened and tempered 
steels alike. 

Formula No. 12 — Quick Method or Hot- 
solution Process — 

45 gr. (avoir.) bismuth oxychlorid 
10 cc. hydrochloric acid 

15 cc. alcohol 

100 cc. distilled water 

Mix in order given. Treatment same as No. 1.0. 


Formula No. 13 — Quick Method or Hol- 
solution Process — 

35 gr. (avoir.) copper sulfate 
110 “ ferrous sulfate crystals 

25 cc. ferric chlorid sol. 28?o 

1 cc. hydrochloric acid 

100 cc. distilled water 

Mix in order given. Treatment same as No. 10. 
BROWNING SOLUTIONS 

Next in order are the browning solutions, which 
give a butternut brown stain to steel parts, par¬ 
ticularly to softer steels such as the cold-drawn and 
machinery varieties. We cannot help but admire 
the old method of browning such as is seen on well 
preserved shotguns with Damascus barrels. 

When browning a rifle or shotgun, humidity of 
surrounding air will have an important influence on 
the action of the browning mixture, as is the case 
with the bluing solution. It is also important—and 
not hard—to determine the moment when the 
proper drying stage has arrived for the removal of 
rust. When applying the card or steel wool, if 
thoroughly dry, the rust will be eliminated quickly; 
if not dry, the rust will adhere firmly, and the sur¬ 
face of the barrel will look streaky. Some mixtures 
will dry in twelve hours or even less, but twenty- 
four hours will insure perfect dryness. Whenever 
you find a well-built-up coat of rust on the barrels, 
remove them from under the hood in tank No. 3 
and allow them to dry away from their humid bath. 
A trial or two and you will sense the correct time- 
during drying (which also means cooling) when the 
rust should be removed. 

Browning or rust may be obtained very rapidly 
and well, by enclosing the barrels in a cabinet and 
subjecting them to the vapor of hydrochloric acid. 
The same results may be obtained by moistening 
the surface with diluted hydrochloric or nitric acid. 
There is another material sometimes used— 
chlorid of antimony. In using this substance, a 
uniformly smooth mixture is rubbed in with olive 
oil. This is spread upon the barrel, which is 
slightly heated, and then exposed to the air uniil 
the required degree of browning takes place. The 
operation of the antimony is quickened by super¬ 
imposing upon it a thin coating of nitric acid. 

The browning of barrels will take the student 
back to the days when Damascus barrels were con¬ 
sidered the last word in metal staining. Today we 
still admire those fine old barrels with the beautiful 
twisted effect of the steels; the beginner will 
probably wish to secure the same effect. The char¬ 
acteristic bright wavy appearance of Belgian Da¬ 
mascus barrels is procured by direct chemical 
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action—a process termed ‘pickling.” Tt results 
through dissolution of the softer metals as against 
the harder used in constructing the barrel. The 
preparation recommended is one pound copper sul¬ 
fate dissolved in one gallon of distilled water at the 
boiling point. Continue to boil until the quantity 
is reduced about one-fourth. Then let it cool. 
Pour out into a lead vessel. Plug the barrels 
securely at both ends so that the liquid cannot 
penetrate into the interior. When the barrels are 
immersed in the solution it will act upon the metal 
in fifteen or twenty minutes. Remove and wash 
with water. If not satisfactory, immerse again 
until the operation is complete. Pour boiling water 
over them and scratch well with a steel brush or 
card, which will bring out the beautiful, bright, 
wavy luster. When laminated steel barrels are 
subjected to this operation, the results will be 
similar. 

The browning of Birmingham shotgun barrels is 
done as follows: Dissolve as much corrosive sub¬ 
limate as possible in a 6-oz. drinking glass full of al¬ 
cohol. Mix this solution in one pint or more of dis¬ 
tilled water. Combine a small quantity of this 
mixture with a little whitening and lay on the bar¬ 
rel rather lightly with a sponge. As soon as dry, 
brush off and apply a fresh coat. Proceed until the 
barrel is dark enough, which generally takes two or 
three days. This affects the steel so that the softer 
parts of the metal are a beautiful brown, and the 
harder portions remain light. The rusting process 
is neutralized by washing in hot water, after which 
the barrels are quickly immersed in cold water. 
The latter has the effect of heightening the bright¬ 
ness of both colors. 

Formula No. 14 — Browning — 

25 cc. sweet spirits niter 

140 gr. (avoir.) corrosive sublimate 
140 w sulfur 

15 cc. sulfuric acid 

25 cc. tincture ferric chlorid 

4 cc. nitric acid 

110 gr. (avoir.) copperas 
645 cc. distilled water 

Mix in order given. Allow to stand for eight 
hours before pouring into brown or blue bottles. 

Treatment —Apply solution with swab after pre¬ 
paring as described in first part of chapter. Set 
away for twenty-four hours in cabinet or under the 
cover of Tank No. 3. At the end of that time a 
heavy rust will have formed over the barrel. Card 
off with circular wire wheel or fine steel wool. Then 
rub off with clean cotton cloth free from oil. If 
you find the brown not dark enough, cover again 
with the solution and set away for twenty hours 
longer. Remove the rust exactly as in the first in¬ 


stance, then if the color pleases, wash in cold water 
or with a wet cloth. Rub to thorough dryness and 
finish by rubbing with linseed oil to prevent further 
rusting. This application browns barrels beauti¬ 
fully and in the case of twist leaves the markings 
prominent. 

Formula No. 15 — Browning — 

30 cc. tincture of ferric chlorid 

30 cc. sweet spirits niter 

110 gr. (avoir.) corrosive sublimate 
o cc. nitric acid 

60 gr. (avoir.) copper sulfate 
1000 cc. distilled water (1 liter) 

Mix the first three chemicals together, adding the 
distilled water, followed by all the other chemicals. 
Place in brown or blue bottles. Let stand one 
week so that all chemicals are thoroughly amal¬ 
gamated. 

Treatment —Prepare the work as already de¬ 
scribed. Apply the solution with a swab. Let 
stand two hours. Brush off with card. Repeat 
with four applications and let stand over night. 
Repeat following day every four hours, until the 
desired color is obtained. Wash with cold water 
and apply a coat of linseed oil. 

Tincture of steel is difficult to obtain, so it may 
be necessary to make your own. First secure a 
stone crock. Place 1 pounds of carbonate of iron 
therein and add 1% quarts of hydrochloric acid. 
Stir until the add has dissolved all the iron it can 
take up. Then pour off carefully into a glass bottle, 
being careful to keep out the sediment, and add 
three parts of pure grain alcohol. If one does not 
care to go to this trouble, the medicinal tincture of 
iron may be made to answer reasonably well. 

Formula No. 18 — Browning Solution — 

225 cc. distilled water 

225 cc. alcohol, purr grain spirits 

220 gr. (avoir.) corrosive sublimate 

Mix in order given. Place in brown or blue 
bottles. 

Treatment —Apply with swab and stand in warm 
dark place until rust is formed over the whole sur¬ 
face; this will require, in warm weather, from ten 
to twelve hours, and in cold weather, from fifteen 
to twenty hours. Card off the rust and clean with 
a cloth free from oil. Repeat the process until the 
brown color pleases, for each coat produces a darker 
shade. This is one of the best formulas made in a 
simple manner for the common cold-drawn steels. 
It also works very well on the Winchester, Reming¬ 
ton, Savage and other arms of a similar nature. 
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Formula No. 17 — Browning Solution — 

480 cc. distilled water 

430 gr. (avoir.) copper sulfate 
30 cc. sweet spirits niter 

Mix ir. order given. Place in brown or blue 
bottles. Let stand three days before using. 

This is a very simple formula, and produces very 
good results. Proceed as in Formula No. 13. 

Formula No. 18 — Browning Solution — 

50 cc. alcohol, pure grain spirits 

50 cc. tincture of ferric chlorid 

600 gr. (avoir.) corrosive sublimate 
50 cc. sweet spirits niter 

430 gr. (avoir.) copper sulfate 
10 cc. nitric acid 

500 cc. distilled water 

Heat the water to 130 degrees Fahrenheit, and 
pour over the six chemicals as mixed in the order 
given. Place in brown or blue bottles. Proceed 
as in Formula No. 13. 

Formula No. 19—Browning Solution — 

180 cc. sweet spirits niter 

30 cc. alcohol, pure grain spirits 

50 cc. tincture ferric chlorid 

50 cc. tincture gum benzoin 

600 gr. (avoir.) copper sulfate 
1500 cc. distilled water 

Heat the distilled water to 130 degrees Fahrenheit. 
Add the copper sulfate and completely dissolve. 
Add this to other chemicals. Mix in the order given 
and let stand for five days before using. Place in 
blue or brown bottles. Proceed as in Formula 
No. 13. 

Formula No. 20 — Brown Tint for Iron or 
Steel — Dissolve in four parts distilled water, two 
parts crystallized chlorid of iron, two parts chlorid 
of antimony, and one part gallic acid. Apply the 
solution with a sponge to the parts or barrels, let¬ 
ting dry in a warm place. Repeat the process ac¬ 
cording to the depth of color desired. Wash with 
warm water and dry. Then rub over with boiled 
linseed oil. The metal receives a brown tint and 
resists moisture. The chlorid of antimony should 
contain as little acid as possible. 

Most browning and bluing formula are preserved 
as trade secrets by gunsmiths for reasons of pro¬ 
tection and because of the fact that an air of 
mystery enhances the selling qualities of the proj¬ 
ect. It appears absurd to me when I think of one 
man preventing another from accomplishing an ob¬ 
ject by withholding from him the foregoing simple 
formula, which at any time could be uncovered 
with little effort. 


T he foundations of the formula arc laid with the 
idea of a number of diverse approaches and the 
formation of solutions all of which will oxidize the 
surface of steel and iron. They are compounded in 
such a manner that one ma} r carry out a great 
variety of work, not only for firearms, but for any 
other metal articles which require coloring. 

After the reader has experimented with the va¬ 
rious formula?, he will be able to compound some of 
his own which may be suited to some particular 
work he wishes to do. At times the patience of Job 
is required, but this quality, combined with per¬ 
sistence, will in the end obtain the results he is 
after. 

MISCELLANEOUS FORMULAS 

Heat Methods of Coloring Metal — There are 
a number of methods used to secure, by heat, the 
blue color which has a lasting durable finish. 
Others are just a quick method to color small 
parts. 

Formula No. 21 — Niter Process of Bluing 
Steel — 

8 lbs. potassium nitrate 
1 “ black oxid of manganese 

This mixture is heated to a temperature of 700 
degrees Fahrenheit. The parts to be blued are 
polished and cleaned to remove all traces of grease. 
Immerse them in the molten nitrate and manganese. 
Let remain until a uniform color of the desired 
shade is otained. The articles are then removed 
and plunged immediately into warm water at a 
temperature of 110 degrees Fahrenheit. Dry in 
fine sawdust and apply a coat of heavy cylinder 
oil. Bake in an oven at a temperature of between 
300 and 350 degrees Fahrenheit from five to eight 
minutes until the black finish is developed. If you 
wish only a light blue finish, dip the parts in a 
light paraffin uil before baking. 

When placing work of this nature in the oven 
for baking, handle the parts on wires, keeping them 
free from any contiguous objects. You will find the 
oxid of manganese is deposited on the work, which 
must therefore be frequently replenished in the ni¬ 
trate mixture. The preparation of oils to obtain a 
black or light black rust-protecting finish may be 
applied to harden and temper parts alike. 

Formula No. 22 — Bluing Steel by Heat 
Treatment —Polished steel parts may be given a 
blue color by treating in hot sand, wood ashes, or 
pulverized charcoal. Place the parts in an iron 
receptacle and stir constantly while heating, in 
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order to heat uniformly. Heat just enough to char 
a pine stick. The parts to be blued must be free 
from grease. They are placed in the heated sub¬ 
stance until the desired color is obtained. Further 
coloring is then checked by immersing in oil. The 
illustration in Chapter IV, Volume 1, will show the 
arrangement used with a Bunsen burner. I have 
used discarded Steam Knight pistons as retorts. 
The blue finish can also be obtained by laying a 
steel plate over the top of a stove, upon which the 
article to be blued is placed. The quality of the 
color depends largely upon the fineness of the finish. 

Formula No. 23 — Cyanid Bath for Blue 
Mottled Color — The cyanid bath gives to the sur¬ 
face of the metal an exterior hardness with a 
mottled blue appearance; however, it does not have 
the admirable effect that the pack-hardening gives 
to best-quality shotgun actions. This method will 
answer in a number of instances for a “hurry-up” 
job, being difficult to differentiate from work done 
by the regular pack-hardening process. 

The bath is composed of potassium cyanid placed 
in a crucible. “The amount to use is governed by 
the work you wish to do.” The crucible is heated 
in a furnace so arranged that the top will not be 
exposed to the flames. A hood should be placed 
over it so that the fumes will escape to the outside 
atmosphere. Heat the cyanid to 1400 degrees 
Fahrenheit. Make a wire basket for small parts. 
For larger parts, wire the work so that it can be 
transferred conveniently from the cyanid to the 
solution. (Formula No. 24.) The quantity of the 
mottled color depends mostly upon the preparatory 
polishing finish. 

Before a part is placed in the cyanid, make sure 
it is free from oil or any other foreign substance, 
especially water or potassium nitrate. This causes 
the cyanid to splatter, which might cause severe 
skin burns; for this reason the eyes should be pro¬ 
tected with goggles and the hands with clean cotton 
gloves. Allow to remain in the healed cyanid be¬ 
tween five and ten minutes, according to the 
quality of the metal and the mechanical uses fur 
which it is intended. 

Formula No. 24 — Prepured Solution — The 

solution is composed of potassium nitrate and 
water. To one gallon of water add one ounce of 
potassium nitrate (saltpeter) and 10 cc. sperm oil. 
Test pieces should be tried out as a preliminary 
experiment. The correct amount of nitrate will 
give the blue and mottled effect desired. If too 
light a color develops, add more nitrate, and if too 
blue, more water. To get the best results, air 
should be forced in the solution by blowing through 


a pipette which keeps the mixture in motion and 
also improves the appearance of the mottling. After 
removing the work from the solution, dry in hot 
sawdust. Wipe and apply a coat of gunlock var¬ 
nish (Formula No. 48). When a fine-grained 
mottled effect is desired, introduce one ounce of 
sodium nitrate into the ready-mixed solution. 

Formula No. 25 — Gun-metal Finish — Several 
additional chemical solutions have been used suc¬ 
cessfully for giving steel a gun-metal finish or black 
color. Among those are the three following 
formulae, which work very well. 


No. 

1 . 

1 part 

bismuth chlorid 



1 

a 

copper chlorid 



2 

it 

mercury chlorid 



6 

it 

hydrochloric acid 



50 

it 

distilled water 

No. 

2 . 

1 part 

ferric chlorid 



8 


alcohol 



8 

u 

distilled water 

No. 

3. 

2 part 

copper sulfate 
hydrochloric acid 



3 

it 



7 

it 

nitric add 



88 

it 

perchlorid of iron 


Other solutions have been prepared from nitric 
ether, nitric acid, copper sulfate, iron chlorid, and 
water. The method of applying these and finishing 
the work is practically the same as with other 
formula. 

The surface of the metal is given a very thin 
coating of either of the last recipes, applied with a 
soft brush or sponge that has been well squeezed 
and allowed to dry. The work is then put in a 
cabinet to which steam is admitted, a"d maintained 
at a temperature of about 100 degrees, until it is 
covered with slight rust. It is then boiled in clean 
water for fifteen minutes and allowed to dry. A 
coating of hlack oxid covers the surface, and this 
is carded, after which it will show grayish black. 
By repeating the spunging, steaming, and carding 
operations several times, a shiny black lasting 
luster will be obtained. For the best finishes, these 
operations are repeated as many as eight times. 

Another process employs a solution of mercury 
chlorid and ammonium chlorid, which is applied 
three times and dried after each application. A 
solution of copper sulfate, ferric chlorid, nitric 
acid, alcohol and water is then applied three times 
and dried cs before. A third solution, of ferrous 
chlorid. nitric acid, and water is applied three times, 
boiling in clean water and drying after each. 
Finally a solution of potassium chlorid is applied 
and the work is boiled and dried three more times. 
It is then carded and given a thin coating of oil. 
Ordnance for the French government is treated in 
this way. The above methods are applicable to 
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hardened and tempered steels, as 212 degrees 
Fahrenheit is not enough to affect or reduce their 
quality. For steels that can endure a 600-degree 
temperature without losing hardness, more efficient 
methods are devised. 

The American Gas Furnace Company has devel¬ 
oped a process employing a furnace with a revolving 
retort. The object to be colored is placed in this 
together with well burnt bone. A chemical solution 
that gasified when injected into the furnace has 
been named “Carbona.” The color does not form 
a coating on the outside as with the other processes, 
but a thin layer of the metal itself is turned to the 
proper shade. By varying the temperature of the 
furnace, the time the work is in it, and the chem¬ 
ical, different tints can be produced from light 
straw to brown, blue, purple, black, or gun-metal 
finish. Rough or sand-blasted surfaces will have a 
frosted appearance, while smooth polished surfaces 
will have a shiny brilliant appearance. 

Formula No. 26 — To Produce a Brown Color 
on Steel — A bronze-like color is produced by ex¬ 
posing iron or steel parts to the vapors of heated 
aqua regia (equal parts nitric and hydrochloric 
acid), dipping them in melted vaseline, and heating 
them until the vaseline begins to disintegrate. Then 
it is wiped off with a clean cloth. 

Another method of producing a bronze-brown is 
to heat the work slightly, cover the surface evenly 
with a paste of antimony chloric! (known as 
bronzing salt), and let the object stand until the 
desired color is obtained. The paste can be made 
more active by adding a little nitric acid. 

Formula No. 27 — To Produce a Gray Color 
on Steel — A gray color on steel is obtained by 
immersing the work into a heated solution of: 

10 gr. (avoir.) antimony chlorid 
10 “ gallic acicl 

400 “ ferric chlorid 

ISO cc. distilled water 

The first color to appear is pale blue, and this 
passes through the darker blues to purple, and 
finally to gray. If immersed long enough, the 
metal will assume the gray color, but any of the 
intermediate colors may be produced when used 
cold. This is also one of the bronzing solutions. 

Formula No. 28—Coppering Solutions — A 

coppering solution for coating finished surfaces so 
that lay-out lines may be more easily seen is com¬ 
posed of the following ingredients: 

T20 rc. distilled water 

Add all the copper sulfate it will dissolve 

1 cc. sulfuric acid 


Test by applying to a piece of steel, and if nec¬ 
essary add a few' more drops of acid. The surface 
to be coppered should be polished and free from 
grease. Apply the solutions with a clean piece of 
waste or cloth, and if a bright copper coating is not 
obtained immediately, apply the second coat, and so 
on. When the desired color is obtained, oil the 
surface and wipe off. The object of the oil is to 
terminate any further action of the acid. If the 
piece is to be hardened after coppering, remove the 
plating, for the reason that steel will not harden 
well where this has not been done. 

Formula No. 29 — Etching Fluids for Dif¬ 
ferent Metals — A common method for etching 
names or simple designs on gun parts or steel is to 
apply a thin even coating of beeswax or similar 
substance which is not soluble in acid. Mark the 
required lines in the wax with a sharp-pointed 
scriber, exposing the steel to the action of the acid 
which is finally applied. To apply a thin coating 
of beeswax, place the latter in a silk cloth, warm 
the piece to be etched, and rub the pad over it. 
Regular coach varnish is also used instead of wax 
as a “resistant.” 

Formula No. 30 — Etching Solution for Car¬ 
bon Steels — 

1 part nitric acid 

4 “ distilled water 

It may be necessary to vary the amount of water, 
as the exact proportion depends upon the carbon 
in the steel and whether it is hard or soft. 

Formula No. 31 — Hardened Steel — 

2 parts nitric acicl 

1 “ acetic acid 

Formula No. 32 — High-speed Steel, Nickel, 
or Brass — 

For high-speed steel it is sometimes better to add 
a little more nitric acid. 

Formula No. 33 — Solution for Etching 
Bronze — 

100 parts nitric acid 

5 “ hydrochloric acid 

For Etching Brass — 

First combine 16 parts nitric acid with 160 parts 
distilled water. Second, dissolve 6 parts potassium 
chlorate in 100 parts of distilled water. Then mix 
the two solutions together and apply. 
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Formula No. 34 — 

The gun maker may wish to obtain a frosted ap¬ 
pearance on work to offset a particular effect. The 
following mixture may be used, either for producing 
a frosted effect or for deep etching (depends upon 
the time it is allowed to act). It is composed of: 

1 oz. sulfate of copper 

“ alum 

Va tsp. salt 

240 cc. vinegar 

20 drops nitric acid 

The action of etching fluids on steels varies ac¬ 
cording to the composition of high-carbon and alloy 
steels, as they are acted upon more slowly than 
low-carbon steels or wrought iron. Ktching fluids 
that act efficiently on low-carbon steel may not do 
so well on high-carbon steel or cast-iron. The usual 
trouble is that the carbon liberated by the etching 
fluid settles to the bottom of the scribing and pre¬ 
vents further action. That difficulty can best be 
overcome by frequently washing out the carbon de¬ 
posit and renewing the add so that it will come in 
direct contact with the metal. A great help also is 
to sprinkle a little table salt in the acid when it 
shows a tendency to act slowly; this tends to give 
it new life. 

The student may find need to color brass, copper, 
or various other metals, to give them an antique 
appearance. The following modus opo.randi is ex¬ 
planatory of the coloring of such metal surfaces. 

Copper is more susceptible to coloring processes 
than any other metal, hence the alloys containing 
varied percentages of copper are possessed of dif¬ 
fering shades of yellow, brown, red, blue, purple, 
and black. Alloys with smaller percentages of 
copper, or none at all, may be given kinds and 
degrees of color, but not as easily as if copper were 
the principal ingredient. The higher the copper 
content, the more readily can the alloy be colored. 
The shades and even the colors may be altered by 
varying the density of the solution, its temperature, 
and the length of time the object is immersed. This 
can also be altered by finishing the work in different 
ways. If a cotton buff is used, one shade will be 
produced; a scratch brush will produce another, 
etc. Thus in color work, to obtain the same shade 
as that of a former lot, all the data in connection 
with these operations must be preserved so they 
will be repealed with exactitude. 

In making the solutions it should be remembered 
that a strong solution will produce the color 
quickly, and a weak solution more slowly. When 
a uniform coating is to be produced, a strong solu¬ 
tion is the best, owing to the time factor, but the 
most effective and lasting results are obtained with 


weaker solutions, hence they are used in high-grade 
work. While these solutions are often employed 
cold, there are many instances where better results 
can be obtained when they are heated. 

After the enumeration of the foregoing instruc¬ 
tions relative to the bluing and browning of metal 
parts, I cannot stress too urgently the importance 
of preliminary cleaning. The same applies to 
antiques, special decorative parts for muzzle-loading 
rifles, brass furniture, and special museum pieces. 
Metal surfaces to be colored chemically must first 
be thoroughly cleaned, and must present a smooth 
and polished surface. To remove grease from small 
parts, dip in benzine, gasoline, ether, or some other 
solvent for grease. Boil large pieces in a solution 
of one part caustic soda and ten parts water. For 
zinc, tin, or britannia metal, do not use caustic 
soda, but a bath composed of one part carbonate of 
soda or potash and ten parts water. Do not touch 
the clean surface with the fingers, but handle the 
objects with tongs, forceps or wires. Also wear 
clean cotton gloves. 

The grease removal should be followed by chem¬ 
ical cleansing; this principally serves the purpose of 
removing the greenish or brownish films which 
form on copper, brass, bronze, etc. 

Formula No. 35 — 

The composition of the bath or mixture of pick¬ 
ling, used for removal of foreign substances from 
metal surfaces in the preparation for production of 
color, varies for different metals. For copper and 
its alloys, use a mixture of 100 parts concentrated 
sulfuric acid and 75 parts nitric acid. If the metal 
is to be given a luster instead of a mat or dull finish, 
add about one part common salt to the pickling so¬ 
lution by weight. A better dip for a mat surface 
consists of: 

Formula No. 36 — 

64 parts water 

64 “ commercial sulfuric acid 

32 “ nitric acid 

1 “ hydrochloric acid 

After immersion the work should be thoroughly 
rinsed several times in distilled water. If such treat¬ 
ment is so far satisfactory, proceed as follows: Heat 
tn a dull red and plunge object into diluted sulfuric 
acid; allow to remain in old aqua forlis and finally 
rinse thoroughly in clean hot water. The metal 
should be soaked in aqua fortis until it has a uni¬ 
form metallic appearance, and the bath should be 
large enough in volume to prevent an excessive in¬ 
crease in temperature. The results are obtained 
with straw-colored aqua fortis, as white is too weak 
and red too strong. 
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Formula No. 37 — Coloring Brass — 

Polished brass pieces from old guns may be given 
various shades, from golden yellow to orange, by 
immersing them for a time in a solution composed 
of: 

5 parts caustic soda (by weight) 

50 “ water 

10 “ copper carbonate 

When the desired shade is reached, the work must 
be well washed with water and dried in sawdust. 
Golden yellow may be produced as follows: Dis¬ 
solve 100 grains lead acetate in one pint of water 
and add a solution of sodium hydrate until precipi¬ 
tate which first forms is redissolved; then add 300 
grains red potassium ferrocyanid. With the solu¬ 
tion at ordinary temperatures, the work will assume 
a golden yellow, but healing the solution darkens 
the color until at 125 degrees Fahrenheit it has 
changed to a brown. 

Formula No. 38 — To Produce a Rich Gold 
Color — 

Brass may be given a rich gold color by boiling 
it in a solution composed of: 

2 parts (by weight) potassium nitrate 

1 41 common salt 

1 “ alum 

24 “ water 

1 “ hydrochloric acid 

Formula No. 39 — 

Another method is to apply a mixture of: 

3 parts alum 

6 “ potassium nitrate 

3 " sulfate of zinc 

3 “ common salt 

After applying thi3 mixture the work is heated 
over a hot plate until it becomes black. After it 
is washed with water and rubbed with vinegar, it is 
again washed and dried. 

Formula No. 40 — White Colors or Coat¬ 
ings — 

The white color or coating that is given to such 
brass articles as pins, screws, and various other 
antique fittings may be produced by dipping the 
articles in a solution made as follows: Dissolve 
two ounces of fine grain silver in nitric acid. Then 
add one gallon of distilled water, and put this in a 
strong solution of sodium chlorid (table salt). The 
silver will precipitate in the form of chlorid and 
must be washed until all traces of the acid are re¬ 
moved. Testing the last rinse water with litmus 


paper will show when the acid has disappeared. 
Then mix this chlorid of silver with an equal 
amount of potassium bitartrate (cream of tartar) 
and add enough water to give it the consistenc}' of 
cream. The work is then immersed in this solu¬ 
tion and moved about until properly coated, after 
which it is rinsed in hot water and dried in sawdust. 

Formula No. 41 — Silvering — 

A solution of silvering that is applicable to such 
work as clock gauge dials, and accessories such as 
parts of brass furniture on old flint-lock pistols, is 
made by grinding together in a mortar one ounce of 
very dry chlorid of silver, two ounces cream of tar¬ 
tar, and three ounces common salt. Add enough 
water to obtain the consistency of a paste, and 
apply it to the work with a soft cloth. This will 
give to brass or bronze surfaces a dead-white, thin 
silver coating, but it will tarnish and wear if not 
given a coat of lacquer. Before adding the water, 
the mixture as it leaves the mortar can be kept 
a long time if put in dark-colored bottles; if left 
in the light, it will decompose. 

Formula No. 42 — Gray Color — 

A solution of one ounce arsenic chlorid and one 
pint of water will produce a gray color on brass, 
but if the work is left in this solution too long it 
will become black. Brass fittings or other objects 
should be left in the bath until they have acquired 
the correct shade, and then washed in clean warm 
water, dried in sawdust and finally in warm air. 

Formula No. 43—Blue to Violet Shades — 

To give brass a blue color, dissolve: 

1 oz. antimony chlorid in 

20 i; water and add 

3 “ hydrochloric acid 

Warm the work and immerse it in the solution 
until the desired blue is obtained. After that, wash 
in clean water and dry in sawdust. A permanent 
and beautiful blue-black may be obtained by using 
iust enough water to dissolve two ounces copper 
sulfate and then adding enough ammonia to neutral¬ 
ize and make it slightly alkaline. The work most 
be heated before immersing. 

Formula No. 44 — Violet Shades — 

A beautiful violet color may be produced on pol¬ 
ished brass with a mixture of two solutions. 

First: 4 oz. sodium hyposulfite is dissolved in 
960 cc. of water. Second: 1 oz. sugar of lead is 
dissolved in another 960 cc. of water. The two are 
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stirred together well. By heating this to 175 de¬ 
grees Fahrenheit and immersing the correct length 
of time, determined experimentally, a violet color is 
obtained. The work first turns a golden yellow 
and then gradually violet. If left immersed longer, 
the violet will turn to blue and then to green. This 
same preparation can therefore he used for all of 
these colors by correctly limiting the time that the 
work remains in the solution. 

Formula No. 45 — To Give Brass a Green 
Tint — 

This solution will produce a “verde antique’' or 
rust green: 

3 oz. crystallized chlorid of iron 

1 lb. ammonia chlorid 

8 oz. verdigris 

10 14 common salt 

4 “ potassium bitartrate 

1 gal. distilled water 

If the objects to be colored are large, the solution 
may be applied with a brush. Several applications 
may he required to give the desired depth of color. 
Small work should be immersed and the length of 
time it remains in the solution will govern the in¬ 
tensity of the color. After immersion, stippling the 
surface with a soft round brush dampened with a 
solution will give it the varigated appearance of 
aged brass or bronze. This formula produces a 
very pleasing effect when used on some of the old 
muzzle-loading rides. 

Formula No. 46 — Blackening Brass — 

There are many different processes and solutions 
for blackening brass. During the World War the 
aircraft ammunition was given such treatment to 
identify the tracer and incendiary cartridges. The 
projectiles of the incendiary ammunition were 
blackened as well as the cases of the tracer car¬ 
tridges. It was therefore necessary to employ two 
distinct solutions to perfect the required blackening 
process. Trioxid of arsenic, white arsenic, or ar- 
senious acid are different names of the chemical 
most commonly used. Tt is the cheapest substance 
we know of for producing black on brass, copper, 
nickel, German silver, etc., but has a tendency to 
fade; however, a coat of lacquer will preserve it 
lor a long time. A good black is produced by im¬ 
mersing the work in a solution composed of: 

2 oz. arsenic 

5 “ cyanid of potassium 

1 gal. distilled or rain water 

This should be boiled in an enamel or agate vessel 
and used hot. 


Formula No. 47 — Blackening Brass — 

Another cheap solution is composed of: 

8 oz. sugar of lead 
8 “ hyposulfite of soda 
1 gal. distilled or rain water 

This must also be used hot and the work after¬ 
ward lacquered to prevent fading. When immersed, 
the brass first turns yellow, then blue, and finally 
black, the latter being a deposit of sulfid of lead. 

Formula No. 47 — Gun-lock Varnish: To Pre¬ 
serve Colors — 

After a part has been given the desired color, 
it is washed in water and then dried in clean saw¬ 
dust. The colored surfaces of alloys are in many 
cases protected and preserved by coating with a 
colorless lacquer, of which Japan lacquer is an 
example. Small parts are coated by dipping and 
large ones by coating with brush or swab. They 
can then be washed without injury. 

When it is desirable to preserve the brown finish 
on parts, such as the barrels, etc., the lacquer or 
varnish is prepared as follows: 

Dissolve 10 parts clear grains of mastic 
IS “ sandarac 
5 “ camphor 

5 44 olemi 

Use pure grain alcohol to secure the desired con¬ 
sistency. The articles treated with this varnish will 
not only be preserved from rust, but their metallic 
luster will not be in the least dimmed by exposure 
to dampness. 

Another varnish may be made as follows: 

Formula No. 49 — 

1 oz. gum shellac 
1 44 gum sandarac 
30 cc. Venice turpentine 
1200 cc. alcohol (pure grain spirits) 

These two formulas are also known as gun-lock 
varnish and may be used for case-hardened parts 
as well. Articles thus treated will have the case- 
hardening colors accentuated; the treatment acts 
also, in a measure, as a preservative. 

Receivers, floor plates, trigger guards, butt plates, 
sling swivels, etc., are rather difficult parts to blue 
because they are thin, and it is no simple task to 
attach suitable holders for handling. All such parts 
can be blued in much the same manner and by the 
same solutions. 

Receivers: First, all screw holes must be plugged 
by tightly screwing w'ooden plugs into them. Let 
the plug which is screwed into the threaded end 
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CHAPTER XVn 


Care of Firearms, Cleaning Bores and Removing Obstructions 


A N ASSOCIATION of several years with the 
.average American rifleman has convinced me 
that there arc two leading schools of thought re¬ 
garding this matter of cleaning firearms; the first 
comprises the serious-minded individuals who take 
to it as a sort of religion, while the second looks 
upon it as a curse. The members of the former 
are forever cleaning and scrubbing away at their 
arms; those of the latter, negligently, if ever. The 
introduction and universal use, during recent years, 
of the non-corrosive type of primer, with the wide¬ 
spread advertising that it is no longer necessary 
to do any cleaning of firearms, has resulted in a 
great many converts to the non-cleaning sect—and 
in a great many ruined rifle bores. 

I am still of the opinion that it is necessary to 
clean the bore of a rifle after firing, and I still clean 
just as quickly as I can after shooting the gun. I do 
not consider that this new non-corrosive type of 
primer is as yet the perfect product the manufac¬ 
turers would have us believe. Certainly they 
have yet to produce a stable priming mixture which 
will stand up in a hot and humid climate for any 
appreciable length of time. A number of my read¬ 
ers may question the necessity of the instructions 
which follow, but I am basing my opinions on the 
great number of ruined rifle barrels which have 
been brought to me of late—barrels in which noth¬ 
ing but the new types of ammunition have ever 
been used, and yet which are pitted hopelessly be¬ 
yond removal. I admit that in the majority of 
cases the primer acts as claimed, but T also know 
of a sufficient number of instances where it does 
not; hence I shall give instructions for the proper 
cleaning of firearms irrespective of what type of 
primer may have been used. It should also be kept 
in mind that there are other parts to a firearm be¬ 
sides the bore—parts which will rust as readily 
from the mere handling of the arm or from its ex¬ 
posure to the atmosphere and elements. 

As a first consideration it is well to take up the 
exterior treatment—the means by which the barrel 
and mechanism are kept clean and free from rust¬ 
ing. Many owners who are careful to the extreme 
in attending to the care of the bore of their rifles 
are at times neglectful of their external condition 
and appearance. Human perspiration comes first 


as a rust-producing agency on the outside of fire¬ 
arms, and it is especially destructive to appearance, 
because rust resulting from the contact of bare 
hands forms tell-tale patterns of the thumb-print 
order all over the barrel and grip. It is an odd fact 
that some persons are not so provocative of this 
fault as others. There are people who can pick up 
and handle a rifle without rusting it in the slightest, 
while others will badly rust whatever part their 
hands touch. Goutily inclined persons are espe¬ 
cially bad ill this latter respect; and any gun 
owner who is conscious of this condition—as 
shown, for instance, by the inability to keep a 
bunch of keys in a bright condition—should be 
especially careful of the manner in which he picks 
up firearms and should be generous in the use of 
an oily cloth whenever he handles his own guns or 
guns belonging to others. 

There is one very simple method by which any 
one may keep his firearms in perfect outside condi¬ 
tion; and yet, strange to say, it is an idea seldom 
encountered. It consists of keeping always at hand 
—on the workbench or in the gun cabinet or cup¬ 
board—a special small jar containing one or two 
pieces of well-oiled chamois. Get a small stone¬ 
ware or metal jar having a loose-fitting top to keep 
out dust, and in it always have an oiled fine 
chamois cloth ready for use to wipe over the out¬ 
side of any firearm after handling. It takes but a. 
moment to run this cloth over the entire surface of 
the arm, and the habit of always doing this before 
laying the arm away will keep the exterior clean 
and free of rust. This very simple expedient 
should be known to all shooters, yet it is seldom 
one finds such a logical preventive at hand. The 
most common method of wiping off the outside of 
an arm seems to be the use of the last patch with 
which the bore was oiled. The oily chamois and 
jar at hand will enable the rifle to be wiped off 
every time it is picked up. Use a chamois about 
fifteen inches square, and oil it well with the gun 
oil mentioned in Chapter XXV, Volume I. 

Another simple expedient which every shooter 
should become acquainted with is the use of a small 
camel-hair brush in oiling the inside or the 
mechanism of firearms. Whenever it becomes 
necessary to lay away a gun for any length of 
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time, the outside should first be covered with a 
thorough coating of heavy oil or thick-bodied gun 
grease. The simplest manner in which this can be 
applied is to paint it on well with a small flat var¬ 
nish brush, say about one-half inch in width. Such 
a brush works readily into all cracks and angles, 
or into any part of the mechanism. When laying 
the arm away, the best grease to use is the gun 
grease described in Volume I; this can be heated 
slightly until it flows readily from a brush, and it 
will then cover perfectly. 

A smaller artist’s brush, say about a No. 10 size, 
is best for working oil in the mechanism of the ac¬ 
tion; also for the proper cleaning out from the 
mechanism of any dirt or unburned powder grains. 
Another thing worth knowing is to use a squirt nil 
can filled with gasoline to wash out parts of the 
mechanism hard to get at with the cloth or brush; 
in fact the entire action of the rifle can be cleaned 
by this method in a few seconds. 

The rifleman who is in any way careful of his 
rifles is generally well equipped with cleaning rods, 
brushes, patches, and oilers; but it is seldom you 
encounter such elementary preparations as the oily 
chamois, oil brushes, or squirt can. Yet these are 
about the most effective means possible to employ 
in the care of the rifle. 

Naturally, there will be many occasions when 
the firearm will become subject to rust through ex¬ 
posure to snow r or rain, or to the moist air around 
salt water. When a gun has become coated with 
water or snow, the very best thing to do upon get¬ 
ting inside again is to lean it, muzzle down, close 
to a hot stove or open fire and allow it to dry out 
thoroughly. Then immediately go over Us entire 
surface, mechanism, and bore with suitable clean¬ 
ing cloths and oils; get a protective coating of oil on 
it just as soon as possible. Salt-water exposure in¬ 
duces exceedingly persistent and dangerous rust, 
which only constant vigilance and care can counter¬ 
act. The very air about salt water will rust a gun, 
and it is not a wise procedure to use the best-grade 
weapons around the seacoast. To the sportsman 
who is taking a brief trip over salt water I would 
suggest the painting of his barrels and exterior 
metal parts with one of the gun-lock varnish for¬ 
mulas given in Chapter XVI, plus a coating of 
heavy grease. If the exposure is constantly re¬ 
peated a permanent remedy may be provided, ad¬ 
mittedly at the expense of appearance, by painting 
the entire exposed steel parts of the arm with a 
good spar varnish. 

Despite almost constant care and attention there 
will be times when small patches or spots of rust 
will form in places on a barrel and action; these 
can best be removed by means of fine steel wool. 


After burnishing off any rust with steel wool, 
always go over the spot with the oily chamois and 
rub the oil in well. A particularly bad patch of 
rust may necessitate the rebluing of the entire part 
by one of the formulas given in Chapter XVI. 

Once the exterior of the firearm is properly 
cleaned and oiled, the arm should be put away so 
that atmospheric changes or humidity will not rust 
it unknown to the owner. Nothing can be more 
fatal at times than the mere standing of a rifle in 
a comer of the room and leaving it there for weeks 
without touching it. This is especially risky if the 
room is steam-heated, as condensation of moisture 
from a leaky radiator can quickly cover the entire 
rifle with red rust. A cold attic or unused room 
without heat is also bad, as sudden climatic changes 
may settle moisture on everything, and then rust 
promptly follows. Also, women and servants have 
a provoking habit of unthinkingly picking up a 
rifle by the barrel with wet hands. The best pos¬ 
sible storage is in a properly-made gun cabinet 
with the door kept closed and locked. Not having 
this, the next-best place is a small cupboard, first 
slipping the rifle into one of those full-length flan¬ 
nel covers. The conventional full-length canvas 
cases are also very good, and if the rifle is to be left 
in a corner of the room or behind the door it should 
be in one of these by all means. Any kind of case 
is better than none, provided there is nothing in the 
material of the covering to cause rust. 

The owner is advised to make periodic inspec¬ 
tion of his firearms, not necessarily on particular 
dates, but often enough to prevent long periods 
elapsing during which an unsuspected lodgement 
of rust may be working havoc. Such a precaution 
is also desirable in view of the ever-present possi¬ 
bility that the use of a new primer, powder or gun 
oil may produce unexpected results. 

Cleaning the Bore — The procedure invariably 
followed by the individual rifleman in cleaning his 
rifle is to lay out on a convenient table-top all the 
rods, brushes, patches, cloths, oils, etc. Holding 
the rifle in one hand he proceeds to pump patches 
up and down the bore with the other, the muzzle 
being on the floor. This is an awkward and incon¬ 
venient manner in which to work. 

Perfect cleaning of a rifle bore can best be 
effected by the aid of a suitable vise; the shooter 
will experience a wonderful increase of convenience 
after installing this fixture on any available work 
bench. The gunsmith who reads this book will 
naturally have a proper vise at hand, but to the 
active sportsman I recommend the purchase of a 
small parallel vise. One such as the Stanley 8776 
can be purchased for about $4, and it is entirely 
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satisfactory for all cleaning purposes. As a stccl- 
jawed vise is apt to do more harm than good unless 
fitted with suitable padded jaws, it will also be 
necessary to make or obtain these. Volume T, 
Chapter II, describes the proper type. For clean¬ 
ing, the felt-lined jaws are essential. As the vise 
will be clamped to a substantial work bench and 
used mainly for cleaning and similar purposes, you 
might as well go ahead and fit it up with a few 
other cleaning conveniences. Fit a gunmaker's 
brace or bench horse, as shown in Chapter II, 
Volume I. Notches can be placed on the back arm 
of this brace for the purpose of keeping the clean¬ 
ing rods out of the tools and litter which will soon 
clutter up the bench top. 

With the rifle clamped tightly between the felt 
jaws of the vise, you can use a much tighter clean¬ 
ing patch than in the extemporized operation on a 
kitchen table. A word of caution is advisable here: 
never clamp the vise too lightly on the barrels of a 
shotgun—you may collapse or dent the tubes. The 
lumps are the correct place to hold these barrels 
while cleaning. 

A proper understanding of the principles of rifle 
cleaning is necessary to obtain the smallest ex¬ 
penditure of labor and material. The mechanical 
treatment consists in reaching into every part of 
the bore with a patch until the sharp corners be¬ 
tween the lands and grooves are scrubbed clean and 
free of fouling. The chemical treatment consists 
in the use of boiling water or a suitable powder 
solvent of special penetrating powers capable, when 
applied, of neutralizing acids or other harmful 
residues of fouling. Both treatments are inter¬ 
woven, and the two can hardly be separated except 
in theory; in practise they operate in unison, and 
the rifleman should understand this cooperation; 
he will then realize that elbow grease alone is but 
a partial remedy for the rusting proclivities of rifle 
bores. 

Judgment should be exercised in the selection of 
cleaning rods and cleaning tips capable of pressing 
a patch almost as tightly as the bullet itself into 
the grooves of the rifling. In Chapter II is a com¬ 
plete description of how to construct these rods. 
Good rods are scarce, and once a good one is ob¬ 
tained it will pay to keep it in proper shape. A 
rack for cleaning rods, built on the order of a bil¬ 
liard-cue rack but with the rods hanging free from 
a notch, will keep them clean and straight—and 
ready at hand. 

In addition to a series of proper-sized rods for 
cleaning, the gunsmith’s shop will need to keep on 
hand a few heavier rods for drilling and driving out 
obstructions, and it will pay to lay in a few stan¬ 
dard sizes of drill rod in 36-inch lengths for this 


purpose. The following tabulation indicates most 
suitable sizes for the various calibers: 
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With the right-sized rods at hand, the shop will 
be prepared to undertake properly the removal of 
any obstruction; repair jobs of this kind are always 
wanted in a hurry, and there may not be time to 
get a drill that is not in stock. The use of too small 
a drill in an emergency may ruin the barrel. 

As every one knows, the simplest and safest 
method of cleaning the rifle bore is to pour through 
it a few quarts of hot water—the hotter the better. 
Once the bore has been dried—through the com¬ 
bined action of the heat of the barrel and a prompt 
wiping with dry patches—it can be oiled with a 
good gun oil and laid aside with the feeling that 
things are right. However, it is an odd fact that, 
simple as this hot-water treatment is, there are few 
occasions when it is adaptable to the immediate 
needs of the average rifleman; and it is invariably 
more convenient to clean the rifle bore by means of 
one of the many commercial solvents or gun oils 
now on the market. 

To start the cleaning process, push a dry patch 
through the bore to remove the loose residue and 
dirt, which is plainly visible and will only clog the 
scouring brushes which are to follow. If desired, 
this dry scrubbing may be followed with another 
patch dipped in powder solvent. Should the rifle 
have been neglected too long, so that the fouling 
has dried up, it will be best to use an oiled patch 
the first time to obviate any risk of its sticking in 
the bore. 

There are three different types of rifle-cleaning 
brushes of a good substantial make. First, there 
is the steel brush, then the bronze-bristle brush, 
and the bristle brush. Begin by dipping the bristle 
brush into a suitable powder solvent. Don’t make 
the mistake of dipping a dirty bristle brush into a 
bottle of clean solvent; this only contaminates the 
latter with residue—and annuls its usefulness. 
Keep the bristle brush clean by squirting a few 
jets of gasoline over it when through using, and it 
will be in proper shape for the next occasion. Give 
the bore a good scrubbing with the solvent-soaked 
brush; use full-length strokes which will completely 
loosen up all residue, and then follow with a patch 
or two to clear out the bore of all loosened fouling. 
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It may be well to follow with another scrubbing, 
using one of the bronze-bristle brushes this time; 
or possibly a “one way only” brush, which is made 
of fine steel wire and is very thorough in its action. 
Some shooters consider the last-named brush a bit 
too drastic for use in a rifle bore, but if properly 
used it will do no harm. Suit yourself as to the 
brush used, but a good scrubbing with any of these 
brushes is much better insurance of a clean bore 
than a long-continued rubbing with cloth patches 
and elbow grease. 

Having scrubbed and scoured the bore clean of 
all corrosion, wipe it out dry of all solvent, and coat 
the entire surface with a good-bodied, pure gun oil 
or grease. A great many shooters arc of the belief 
that it is possible to combine a satisfactory gun oil 
with a powder solvent, making the one solution do 
the work of two. This erroneous idea generally re¬ 
sults in a ruined barrel. A powder solvent should 
be light-bodied, thin, and penetrating, so that it 
will readily spread over the bristle brush and pen¬ 
etrate into all the corners of the rifling; also, it 
should wipe out easily and cleanly by means of a 
suitable patch. Such a thin-bodied oil will not re¬ 
main evenly on the metal surface of the bore for 
any length of time, but will soon evaporate or run, 
leaving patches of steel bare and subject to the 
rusting influences of the atmosphere. What is 
necessary for this second or protective oiling is a 
pure, heavy-bodied oil or grease which will “hold’’ 
on the metal surface through extremes in tempera¬ 
ture or the passage of time. 

Powder Solvents—There are a number of 
satisfactory commercial powder solvents now on 
the market, most of them standardized as to 
amount in the bottle, price, and directions; you 
“must shake well” and “use freely.” In general 
they are a mixture of thin-bodied oils tinted to an 
attractive color and containing one very potent 
smell. Any of these will do the work if used in 
accordance with the directions I have just given. 
But the formula given in Chapter XXV, Volume I, 
is as good as the best of them when it comes to 
dissolving powder residue and fouling; and it can 
be compounded by the shooter himself. 

The above-mentioned solvent is designed for use 
in thoroughly cleaning out (he powder residue and 
fouling left from firing; it should be applied ac¬ 
cording to the instructions in the preceding pages, 
and then completely cleaned out of the barrel, as 
any traces of the solvent remaining in the bore will 
dissolve oil and expose the metal to the action of 
rust through moisture. Do not labor under the im¬ 
pression that it is possible to combine a solvent 
with an oil. 


Gun Oil — After the solvent has done its work 
and been promptly removed from the rifle bore, 
it is necessary to use a protective coating of some 
suitable gun oil. The fact that there are few oils fit 
for this work or for lubricating the mechanism of 
firearms does not seem to be commonly known; 
arms are continually coming in so badly gummed-up 
that special treatment is necessary to get them 
apart and to clean them. This is especially the 
case when linseed or castor oil has been used as a 
lubricant—not as rare an occurrence as you might 
think. The finest lubricant or bore protection we 
can use is the best quality of sperm oil. 

Further information relative to oils and lubri¬ 
cants will be found in Chapter XXV, Volume I. 

Any firearm may be kept in perfect condition by 
the methods I have just outlined; and it is not 
much of a job if taken in time. The best incen¬ 
tive, and a labor-saving device as well, is to have 
available the necessary materials for proper clean¬ 
ing—and have them conveniently arranged for 
prompt use when needed. 

There is another type of fouling which occurs in 
the bore uf the high-velocity rifle at times, and this 
calls for the use of the metal-fouling solution. 

Metal-fouling Solution— The gunsmith is often 
called upon to remove metal fouling from the bores 
of high-velocity rifles. This requires a special 
process—a very simple one when understood. Such 
fouling consists of patches of metal left in a rifle 
barrel from the jackets of bullets, particularly 
when using bullets having jackets of “cupro-nickcl.” 
This metal is fast disappearing in the manufacture 
of jacketed bullets in the United States, but in 
England and Germany they still use cupro-nickel 
bullets. The present manufacture of bullets in this 
country is from gilding metal or an alloy of copper. 
Some arc made with the pure copper, which is 
rather a soft material to use. But the gilding metal, 
as used by the Frankford Arsenal for the manu¬ 
facture of the National Match ammunition, is a 
much harder alloy which gives better results in 
accuracy and reduces the problem of metal fouling 
to a minimum. 

To determine the presence of metal fouling in the 
rifle bore, first clean it with the powder solvent 
and then thoroughly clean and dry the bore by 
using dean patches. Examine from both the muz¬ 
zle and chamber ends by holding it in a good light; 
the presence of metal can be detected in different 
forms such as long streaks, small flaky spots, or 
even lumps and smears adhering to the lands and 
grooves. When any such condition exists it should 
be removed at once, for it will interfere with 
accuracy, and if left long enough, rust will form 
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under these patches and in a short time you will 
have a ruined barrel. The formula for metal-fouling 
solution is given in Chapter XXV, Volume I. 

The “doping out” of rilles was an essential oper¬ 
ation for military ride shooters during the years 
1908-1920, but it is not a common procedure now. 
It is advisable to apply the treatment to any high- 
velocity rifle that is being laid aside for a long 
period, or to a barrel used in important matches, 
where the highest possible accuracy is necessary. 
The presence of metal fouling can best be deter¬ 
mined by the use of a gauge plug such as manu¬ 
factured by the A. G. Parker Company of Birming¬ 
ham, England, and a few of these plugs are an 
essential part of a shooting kit. 

Cleaning the Neglected Rifle Bore — The ex¬ 
perienced rifleman looks upon the average shooter 
who permits the bore of his rifle to become rusted, 
as a pretty careless individual. True, the largest 
percentage of such cases is due to carelessness; but, 
on the other hand, rust is often attracted to even 
the experienced shooter’s arms. No one ever hears 
of this, however, for it is removed as soon as dis¬ 
covered. But as a general rule, when a rifle barrel 
comes into the gunsmith’s shop for cleaning it will 
have corroded beyond repair. The most common 
models will be the .22-caliber rifles ranging in price 
from $4.95 to $17.98; the owners of these arms 
seem to figure that a .22-caliber gun need never be 
cleaned. Most .22-caliber barrels are made of low- 
carbon steel, and because of their softness are 
readily damaged by rust; greater care must be 
given these arms than is necessary in the case of 
the harder and tougher barrels of modern high- 
velocity rifles. 

In a number of instances the rifle barrel has been 
neglected for only a few days, but as the weather 
has been mild and the humidity low, only a light 
coating of rust has formed. This can readily be 
removed and the barrel be returned to proper 
shape by using a bronze-bristle brush dipped in 
powder solvent and the bore given a thorough 
scrubbing. Keep the brush well saturated with the 
solvent and scrub the barrel well. Wipe clean with 
patches, and inspect. If you should find a dull ap¬ 
pearance in the bore, try one of the “one-way” 
steel-bristle brushes, working this back and forth 
but taking care not to let it run out at the muzzle 
until you consider this scrubbing operation finished. 
This should brighten up the bore sufficiently, but it 
may be necessary to use one of the lapping opera¬ 
tions described in Chapter XVIII. In fact, a 
lapping operation is the last step necessary to re¬ 
store the bore to its original condition if any degree 
of ru3t has formed. 


There will be various stages of these rusted and 
semi-rusted barrels, and the exact treatment de¬ 
pends upon the degree to which the bore is affected. 
After you have tried scrubbing with the powder 
solvent on the metal-bristled brushes, should the 
bore still appear dull, I suggest filling the barrel 
with fresh cow's milk—as fresh and warm from the 
cow as you can get it. This may seem like a 
strange remedy for the rust which has begun to at¬ 
tack the bore, hut T have found it an excellent one. 

m 

Come to think of it, this is not such an odd prep¬ 
aration, after all; it is only recently that the 
scientists of this enlightened clay and age have suc¬ 
ceeded in mixing oil and water together, and the 
results of their efforts are being highly recom¬ 
mended for use in rifle barrels. Now, cow’s milk 
is also a most satisfactory, if older, mixture of 
water and oily fat which, w f hen fresh, remains in a 
perfect state of mixture and suspension. 

Another treatment often recommended is the 
use of the cleaning funnel and hot water. Altho 
this is conducive to the removal of pow'der and 
primer residue, or for dissolving any harmful chem¬ 
icals which may have been left in the bore, it is not 
of much value for removing rust. Hot soapy water 
or soap-suds have also been recommended, but I 
consider the fresh cow’s milk far better than either. 

The semi-rusted barrel may often be restored to 
its original condition of brightness by use of the 
following lapping compound. Mix pulverized 
Vienna lime with straw-colored paraffin oil to the 
consistency of a paste. Vienna lime has a polishing 
effect on metal only, and will do no harm whatever 
to a rifle bore as an abrasive may. This polishing 
preparation is used on a felt or leather lapping rod 
such as described in Chapter XVIII; or it may be 
used by taking a worn bronze-bristle brush, wrap¬ 
ping it with a canton-flannel patch, and screwing 
this on the end of a cleaning rod. Keep this brush 
well supplied with the compound, work it from 
breech to muzzle for about half an hour, and the 
bright finish will be restored to the bore. 

Pitted Rifle Bores — The badly pitted rifle bore 
is a serious problem, and it is not often that it can 
be restored properly without reboring the barrel, 
which means giving it a different caliber. About 
the only thing you can do is to scour out or lap 
these bores to a semblance of their former condi¬ 
tion; often this leaves the rifle in as good shooting 
condition as before, provided appearance is not 
being considered. 

The lapping operation is always the final step in 
scouring out the badly rusted or pitted barrel, but 
there are various means of leading up to this. First, 
wrap a flannel patch around a worn bronze-bristle 
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brush and coat or soak it in a paste made of fine 
flour emery and olive oil. This is pulled back and 
forth over the surface of the bore until you have a 
bright surface above the pits. If you have a very 
bad case of rust, apply the rust-removing formula 
given in Chapter XXIV. This will prove effective 
in most cases, but if desired results are not ob¬ 
tained, try the pickling solution given in the same 
chapter. When using either of these solutions, the 
chamber must be plugged very tightly and the muz¬ 
zle protected with the ruhher hose as prescribed for 
the treatment given for metal fouling. With either 
of these treatments, and especially the latter, the 
solution must not remain in the barrel any great 
length of time, as its action is rather severe. After 
either treatment strong ammonia must be poured 
into the barrel to neutralize the effect of the acid 
on the steel. Then wash out and clean the bore 
as when using the metal-fouling solution. 

The last step in treating any bore rusted so 
badly as to require the application of a rusting or 
pickling solution will consist of a thorough lapping 
out, following the general procedure as outlined in 
Chapter XVIII. Before doing any of this it will 
be well to measure the bore by forcing a lead slug 
through it from breech to muzzle; this will give 
you an exact index to its size and will detect any 
tight or loose places throughout its length ; should 
any be found, they can be corrected by proper lap¬ 
ping methods. 

All the advice given above will never remove 
deep rust pits which have eaten their way into the 
steel; the best you can do is to scour out the barrel 
and smooth it up to some extent; its accuracy is 
gone, but in most cases the rifle can be made to per¬ 
form very well as a knock-about gun. In many 
cases a new barrel is much cheaper in the end, 
unless in trying out all this you only wish to carry 
out experiments and methods for your own satisfac¬ 
tion and experience; then the results are well worth 
the labor. But for the complete restoration of a 
ruined barrel, nothing has yet been discovered. 

Cleaning Shotgun Barrels — You may have 
noticed that the greater part of the information and 
methods covered in the preceding pages have been 
devoted to rifles and the rifle users. It is a fact 
that these are about the only shooters who take 
their art seriously when it comes tu cleaning their 
arms. And it is also a fact that the well-to-do 
shotgun owner w’ho would not give a second 
thought to paying $500 for a high-grade scatter 
gun will not give even a first thought to the clean¬ 
ing of that fine arm after he has shot it. Rather 
than go to the trouble of cleaning a shotgun, some 
men postpone the task until they can take it to a 


gunsmith before the opening of the next hunting 
season. And then they casually remark just before 
they leave, ‘Til leave this gun here for a day or so 
for you to look over; and, oh, by the way, i don't 
remember whether 1 cleaned it or not the last time 
I used it.” Before you have an opportunity to in¬ 
spect the gun, they disappear. And after the 
accumulation of rags, residue, rust and what-not 
has been removed from the bores, those barrels 
generally need lapping out or possibly reboring to 
remove the bad pits. 

It is just as important to keep a shotgun barrel 
clean and spotless as it is a rifle or pistol barrel; 
that is, if one expects the proper results, with a 
pattern that shows every possible pellet within its 
killing circle. The badly deformed pellets which 
leave the pattern (called flyers on this account) 
are mostly caused by coming in contact with the 
deep pits scattered along the bore. The smooth 
and even bore of the shotgun allows us to clean 
and keep it in perfect shape much more easily than 
in the case of the uneven lands and grooves of the 
rifle or revolver. The methods and formulas I have 
given for use in rifles will work equally well in the 
shotgun. 

If in a semi- or lightly-rusted condition, the same 
treatments may be applied to shotgun bores as T 
have given for rifle barrels. All that is generally 
necessary for the slightly-rusted bore is to wind 
canton-flannel patches around a suitable barrel 
scourer and then use the Vienna lime lapping com¬ 
pound to bring back the high polish. And since 
there is such a large inside diameter to work to, by 
making suitable lapping rods it is an easy matter 
to draw-polish the bores. Figure 96 illustrates 
these rods, made with small wooden adjusting 
screws which are necessary to keep the laps always 
up to the full diameter of the bore, and so they 
will always properly perform the polishing opera¬ 
tion. The degree of rust may be such that a com¬ 
pound of flour emery or rouge may be necessary to 
apply to the laps; this is a matter soon learned by 
experience. 

Make up a number of these laps ahead of time 
and have them ready for use. Coat them with a 
very thin glue and then cover the surface with the 
lapping compound and let stand for at least twelve 
hours before using. Some may have fine emery or 
crocus cloth glued to the surface, while one or two 
will necessarily be prepared to use a light lapping 
compound for only a bright polish. 

When a shotgun barrel is full of deep pits, it will 
be better to rebore it, provided the thickness of the 
barrels will permit such an operation. Bui if the 
defects in the bore are less severe, they may often 
be polished out with a number of hand operations 
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and these will have no serious effect upon the pat¬ 
terns. Naturally the bore will be somewhat en¬ 
larged, but as you will be using the abrasive mate¬ 
rial from the breech end, such a slight enlargement 
usually improves the patterns, provided they are 
even and turn toward the muzzle. When working 
close to the muzzle, try not to bell-mouth the ex¬ 
treme point of delivery—the end of the bore. 

If deep rust pits have appeared in a Damascus 
barrel, it is ruined, because the rust has eaten out 
the iron strands between the steel and it is almost 
an impossibility to rebore the barrel without en¬ 
larging it to such an extent that standard wads will 
not hold back the powder gases. It would be ex¬ 
tremely dangerous to use such a rebored barrel with 
modern high-velocity shotgun ammunition. 

There is one serious menace to shotgun barrels 
which I might as well mention here, and that is the 
cotton ropes, or barrel wicks, which are sold for the 
purpose of preventing barrels from rusting. Con¬ 
trary to expectations, they generally rust the bore 
completely in time. The fault lies in the fact that 
the oil or grease with which the rope is impreg¬ 
nated has dried out and left the cotton dry. Mois¬ 
ture then collects and is retained by the cotton, 
causing heavy rust in the bore. And I have re¬ 
moved many of these ropes from shotgun and rifle 
barrels which were covered with heavy rust from 
using the wrong oil or grease, the owner having 
regreased them with what he considered a correct 
protective oil, but which rapidly dried out. These 
ropes are particularly destructive in a Damascus 
barrel, as when rust sets in, it rapidly eats out the 
iron from between the steel, as mentioned above; 
often such rust will eat completely through the bar¬ 
rel. They are equally bad in rifled arms and in 
smooth bores. If you must use them, see that they 
arc kept well lubricated with one of the oils or 
greases .1 have mentioned previously, as many of 
the light oils or solvents on the market arc unsafe 
for such use. However, my advice is to use only 
the proper oils or grease and exclude the ropes 
altogether. 

After being cleaned of rust of any nature the 
shotgun barrel should always be given a mirror-like 
finish or high luster. If a barrel picks up lead ex¬ 
cessively it is an indication of minute circular 
grooves or scratches, which at times are not per¬ 
ceptible to the naked eye. If much of this is in 
evidence, very poor patterns are the result and the 
gun should be bore-polished. 

Removing Obstructions from the Barrel — 

Whenever a rifle or shotgun is brought to me for 
the removal of some obstruction in the bore, I can¬ 
not help laughing as I imagine the surprized owner’s 


bewilderment and dismay when it happened. To 
listen to his explanation and scrutinize his coun¬ 
tenance is enough, for his sheepish expression di¬ 
vulges all. If I could enumerate all the various 
materials I have removed from rifle and shotgun 
barrels, the list would cover this page and would 
consist of such extremes as taking a coat-sleeve 
lining from a 12-bore shotgun down to working on 
a .22-rifle barrel filled with cement. 

No one puts a piece of some foreign material 
into a barrel with any intention of its sticking; but, 
strange as it may seem, it usually does. The .22- 
caliber rifles and shotgun barrels seem to have the 
greatest trouble of this kind. In the .22 the two 
articles which are the worst offenders are broken 
brass cleaning-rod tips and lodged bullets. Shot¬ 
guns come in wadded tight with a mass of cotton 
rags, often rusted in and making one of the most 
troublesome things to remove. Most of these ob¬ 
structions have become lodged through carelessness; 
and in the excitement which ensued, and the 
frenzied efforts to render first aid with anything 
that came to hand, the obstruction has only become 
wedged in all the more tightly. Often, in these first 
hasty efforts to drive the obstruction out, the barrel 
has been ruined. 

When a solid substance such as a bullet becomes 
lodged in the barrel, it is invariably most satisfac¬ 
tory to drill it out. Select a drill about 0.010-inch 
under the bore diameter (top of lands). Turn the 
shank end down to a suitable size for about a half¬ 
inch in length, and then drill the end of a rod (drill 
rod is the most suitable), selecting the size which 
will just clear the bore diameter. Sweat the drill 
and rod together, care being taken to have the drill 
perfectly true and in line with the rod. Such an 
extension drill may be used in the hand drill or 
brace, and it is an easy matter to drill out, in a 
few minutes, any solid obstruction which may have 
become lodged in the rifle bore. Should the obstruc¬ 
tion be in the form of cotton or cloth, do not 
attempt to drill it out, but use a special wormer. 
This will be described later. 

When drilling out any irregular obstruction of 
metal such as part of a brass cleaning rod or tip, 
great care must be exercised in making the exten¬ 
sion drill so that it will run perfectly true on the 
end of the drill rod. Use a drill about inch 
smaller than the bore of the rifle, and a rod as near 
the diameter of the bore as possible. Aline the drill 
to the rod very carefully. The point of the drill 
must be ground close to a 60-degree angle, which 
is about 30 degrees to a side, in order to hold to 
the center and not run out while drilling, as this 
would cause it to gouge out one side of the rifling. 

One of the most difficult things to remove from a 
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rifle barrel is cotton after it has become rusted. 
This generally clings to the bore so tenaciously that 
it is necessary to make up a special “wormer” and 
pick it out piece by piece. When an obstruction 
has become lodged in the barrel in the form of a 
piece of cloth, the first and best policy is to pour 
a liberal amount of light paraffin oil into the bore 
and allow it to stand for an hour or so, or even 
over night. Reverse the barrel and pour the same 
amount in from the opposite end, allowing it to re¬ 
main for a similar length of time. Then “feel'’ the 
obstruction by trying to tap it out with a close- 
fitting, square-ended rod; and if a few moderate 
blows will not start it out you will have to pick it 
to pieces. Solder a suitable-sized wood screw on 
the end of a steel rod and remove the material by 
screwing this into the cloth a bit at a time, grad¬ 
ually getting out what is possible until the complete 
mass is removed. A similar type of “worm” may 
he made by filing a specially pointed thread on the 
end of a drill rod and using it with a tap handle 
clamped on the opposite end. 

Once the drill has penetrated an obstruction it is 
generally an easy matter to drive it out with a rod 
made flat on the end; in fact, there are many oc¬ 
casions when a solid obstruction may be driven out 
of a rifle barrel by means of a suitable driving rod. 
The diameter of such a rod should be near to that 
of the bore and the end should be flat and full size. 
First oil the bore thoroughly from both ends and 
then set the driving rod up firmly against the ob¬ 
struction; now take a heavy hand hammer of about 
four or five pounds weight, and give one or two 
solid blows to the rod; if this does not start to 
move the obstruction—stop! You have a job of 
drilling on your hands. 

In general, this attempting to drive out an ob¬ 
struction is wrong, merely because too light a ham¬ 
mer and too small a driving rod are used. The 
average shooter almost always attempts to use a 
regular cleaning rod and a bench hammer for the 
operation. When a small end rod is used, the result 
is invariably a wedging into the obstruction while 
the comparatively light blows resulting from use of 
the average hammer only expand the mass and 
cause it to grip all the tighter. What is needed for 
a driving operation is a full-sized, one-piece, flat- 
ended section of drill rod and a heavy hand ham¬ 
mer. Hold the driving rod steadily against the 
obstruction and strike a solid blow, with the barrel 
clamped firmly in a heavy vise and everything good 
and solid so nothing will move but the obstruction. 
This operation, remember, is only performed on 
rifle barrels; never attempt to drive any obstruc¬ 
tion out of a shotgun barrel, as the walls are too 
thin. 


When the .22-caliber rifles, especially the cheap 
factory arms owned by the average boy, have a 
bullet lodged in the barrel, the owner’s first idea is 
to shoot it out. The first trial is probably not a 
success, so he continues to fire additional shots until 
the bore is full of lead bullets and the barrel en¬ 
tirely ruined. However, this will not seriously affect 
the rifle in the owner’s opinion as long as it can be 
made to shoot again. These bullets must be drilled 
out, and the barrel must then have a mercury treat¬ 
ment to remove the lead from the grooves. Here 
is the procedure: 

Mercury Treatment for Lead Fouling — Mer¬ 
cury or quicksilver is the small-bore shooter’s spe¬ 
cial friend when it comes to removing lead from 
the bore of his rifle. Lead fouling in a .22 rifle is 
somewhat similar in effect to metal fouling in a 
high-velocity arm, and can usually be removed with 
a bronze-bristle brush. When a vigorous scrubbing 
with the brush fails to bring about the desired re¬ 
sults, we apply the mercury' treatment. Quick¬ 
silver has a strong affinity for lead, and an appli¬ 
cation of it will completely free the lands and 
grooves of the metal. First thoroughly clean the 
rifle bore, eliminating all oil and grease; then place 
a tight-fitting cork or soft wooden plug in the cham¬ 
ber end. With the butt of the rifle resting on the 
floor and the barrel clamped perfectly vertical in 
the vise, pour enough mercury into the barrel so 
that it will come flush with the muzzle. Let it 
stand this way for between thirty and forty minutes 
and then pour the mercury back into its bottle, as 
it can be used over and over again. After pouring 
back the mercury, remove the plug from the cham¬ 
ber, wipe the bore clean, and examine it in a strong 
light. Should any fouling remain, run a clean 
bronze-bristle brush through the bore several times 
and then repeat the process. A single treatment is 
usually sufficient for any .22 barrel, however. 

It only requires a very small patch of lead fouling 
in a .22 barrel to cause it to shoot inaccurately; 
frequent examination of the bore for this trouble is 
always necessary, especially on target rifles. Many 
shooters carry a complete set of barrel plugs, run¬ 
ning from .216 to .2 19 inch by half-thousandths; 
these are especially useful in determining the pres¬ 
ence of lead in the bore. If you have a small-bore 
barrel which is continually picking up lead you 
should examine it carefully for the presence of tool 
marks or a rough spot on either the lands or 
grooves. The only treatment which will repair this 
defect is to lap the barrel. 

One encounters some amusing displays ot in¬ 
genuity at times in connection with lodged bullets. 
Once on a hunting trip in Northern Quebec, I 
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failed to take along a .22 rifle for grouse; so I used 
a Model ’90 Winchester belonging to a trapper with 
whom I was staying. There were five rings on the 
outside of the barrel, caused by trying to shoot out 
lodged bullets; and the inside of the bore was a 
sorry sight. A cleaning rod had never been used; 
instead, when a bullet had lodged it was finally 
melted out. I at once passed up this rifle as hope¬ 
less, but the trapper insisted that it was as fine and 
accurate a gun as he had ever owned. I was some¬ 
what amused and incredulous, so to prove his 
statements the owner placed the cover of a small 
magazine on a tree a good thirty yards off, and 
out of the five shots he fired at it, every one was 
well centered on the paper. I could scarcely believe 
my eyes; and when I took the rifle and did as well 
I was completely baffled. One of the rings in the 
center of the barrel bulged out until it was very 
noticeable. Rut in spite of all this I never missed 
a grouse with it and the shooting of that rifle will 
remain one of the unsolved mysteries of my life. 

This melting out of a lodged bullet is quite fre¬ 
quently done, but it is a bad mistake as heat should 
never be applied to a rifle barrel to remove any 
obstruction. It must be remembered that there is 
always some mechanical means at hand, if only 
you can use your ingenuity and figure matters out 
calmly and logically. 

Obstructions in Shotgun Barrels — The com¬ 
monest obstruction we find in shotgun barrels is in¬ 
variably a tightly packed wad of cloth, caused 
either by ignorance of proper cleaning methods, or 
by a desire to protect the bore more fully from 
rust. In the former case the owner tries to ram a 
red flannel undershirt through the barrel, only to 
have it stop midway and refuse to function any 
further in either direction; in the latter the more 
careful and conscientious owner does what he be¬ 
lieves to be the right thing and stuffs some oiled 
rags in both muzzle and breech ends of the tubes 
before he lays the gun away for the closed season. 
The oil soon evaporates, or the rag in the breech 
is forgotten and unthinkingly shoved forward into 
the barrel—and it sticks there. This idea of pro¬ 
tecting the bore from rust by sealing both ends is 
entirely wrong, and such a thing should never be 
done; keep all corks, rags, tissue paper, and ropes 
out of shotgun tubes. Clean the bore properly with 
extra care, grease it heavily with some pure and 
heavy gun grease, slip it into a case, chest or gun 
cupboard where it is protected from sudden at¬ 
mospheric changes, and the barrel will never rust. 

But we are concerned here with some cloth ob¬ 
struction that has been wedged into the barrel. 
The best and safest method of removal is to pick 


the material out piece by piece with a shotgun 
wormer, which can be obtained from any dealer in 
gunsmith supplies. It is somewhat different from 
a rifle wormer, being made just like a corkscrew, 
but with two “threads/’ and will fit any standard 
cleaning rod. It may be necessary to soak the ob¬ 
struction with oil for several hours, and then to 
work from both ends of the barrel; but one seldom 
encounters a job where the cloth is wadded so 
tightly that the wormer will not bring it out. 

A particularly bad obstruction to take from a 
shotgun tube is a tightly wadded cleaning patch 
which is fastened in the rod tip or brass eye; this 
cannot always be picked out. Sometimes a patent 
brass cleaning brush will break off in a barrel, and 
this also is hard to operate on with safety. It may 
be advisable to try drilling out such obstructions, 
in which case a drill on the order and size of the 
regular rifle-barrel drill described in previous para¬ 
graphs is used. This had better be of at least .30 
caliber and it must be used only through a bushing 
made a close fit to the barrel. Thread the drill rod 
through the bushing and keep the latter as eluse to 
the obstruction as possible while the drilling is 
done. In this way the drill is kept to center of the 
obstruction and will not run off center and drill 
through the side of the barrel. On a particularly 
obstinate case, work from both ends of the barrel. 
Once the drill has penetrated, try the wormer. 

Shotgun tubes are surprizingly thin between the 
choke and cone areas, and it is very easy to bulge 
them out or break through by harsh or improper 
methods in work of this nature. For this reason 
it is invariably a mistake to attempt to drive or 
hammer out the obstruction. This should only be 
attempted as a last resort. I am not here recom¬ 
mending that it be done, but in case you have no 
other means of accomplishing the end and must 
take the risk of ruining the barrel, make up a driv¬ 
ing rod of hard wood to a full-bore size and have 
the end perfectly flat; this should not work off 
center or wedge the obstruction any further. Oil 
thoroughly with a thin oil and do all the driving 
from the muzzle end of the barrel. Never make the 
slightest attempt to hammer things out with a 
small-diameter rod—it is certain to work to one 


side and bulge the barrel. 

Despite all our care and efforts, obstructions will 
continue to be lodged in barrels, and the ensuing 
excitement generally wedges things more firmly in 
place. When something does become stuck in the 
barrel of a firearm, do not become excited and at¬ 
tempt to drive it out with the first thing you can 
pick up; sit down and quietly and calmly figure out 
the logical thing to do. In fact, the best rule that 
can possibly be followed is immediately to pour 
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plenty of a light penetrating oil in from both ends 
of the barrel; then lay it aside until the next day, 
and think matters over in the meantime. Go easy 
at first, as you may have a serious job on your 
hands; use your own ingenuity and follow out the 
suggestions given here. Always apply sensible 
treatment, for drastic measures usually result in a 
partially or completely ruined barrel. 

Chamber Obstructions — One of the meanest 
breaks in the shooting game is to have the cartridge 
case part, and the body of the case remain lodged 
in the chamber. This invariably happens when 
forty miles from a shell extractor—and nothing to 
do but use the guide’s rifle for the rest of the trip. 
When this occurs it is usually an indication of too 
great a headspace between the chamber shoulder 
and the bolt face; seldom does a cartridge part in 
a bolt-action rifle when the headspace is of correct 
length. The most common cause, just now, con¬ 
cerns those individuals who load their own ammuni¬ 
tion and use cases which have previously been fired 
with a mercuric primer; they do not realize that 
mercury has a rapid deteriorating effect on car¬ 
tridge brass, which usually results in its parting at 
some point—usually right back of the shoulder. If 
there is the least bit of excess head space the con¬ 
dition is aggravated and the case usually parts 
about Y> or % inch from the head. 

The Marble Manufacturing Company of Glad¬ 
stone, Michigan, make a broken-shell extractor to 
remove just such ruptured cases. At times these 
arc very effective in the complete removal of the 
part still in the chamber; and at other times they 
fail. Still, they are a good thing to have along in 
the wilderness. If, in the act of removing the rup¬ 
tured case with one of these extractors, it does not 
come out readily with gentle treatment, insert a 
cleaning rod from the muzzle and with it gently 
tap the forward end of the extractor as you raise 
the bolt handle. By so doing, you imbed the 
threaded end more deeply into the case neck, and 
the tapping also usually breaks the brass loose from 
the walls of the chamber. 

If a shell extractor fails to remove the broken 
case there is much work ahead: especially if the 
case has become lodged in a badly rusted or cor¬ 
roded chamber. The most effective method to use 
then is to chase a fine thread on the end of a piece 
of drill rod which is 0.010 inch larger than the 
inside neck diameter of the case. Notch the end 
at three points with a small rat-tail file, and file a 
slight leed on the end so it will be possible for the 
threads to cut their way into the brass. This form 
of extractor should be long enough so that it can 
be inserted into the chamber through the receiver 


of the rifle and be worked with a dog or tap wrench 
from the rear end; therefore make it sufficiently 
long. Harden and temper the threaded end to a 
blue. To use, screw the threads up into the neck 
of the case, not quite to the end; then insert a rod 
from the muzzle and gently tap the stuck case out. 
A little oil applied previously and allowed to pene¬ 
trate will do no harm. 

If this method fails, it will be necessary to break 
the barrel apart from the receiver and chip the 
case out with small specially made chisels. Do not 
attempt to do any chiseling through the receiver; 
you cannot work from the proper angle and will 
only scratch and ruin the chamber. Strip the rifle 
and dismount the barrel. Then make up a small 
chisel or two on the nature of a thin wood-carver’s 
sweep, the curve to be the same as cartridge, point 
not too sharp, and with a double radius to the edge 
so it will wedge in between the broken case and 
chamber walls without scratching the latter. Work 
and tap the rear edges loose, and when you have 
gone around the circumference of the case try the 
cleaning rod from the muzzle end and back the case 
out if possible. Be careful not to chisel up into the 
shoulder of the chamber. This is an operation re¬ 
quiring skill and care; great care must be used that 
you do not scratch or gouge the walls of the cham¬ 
ber in the slightest or that particular barrel will 
have extraction troubles until the end of its days. 

Having successfully chiseled out a lodged case, 
it may be advisable to lap out that chamber and 
polish it again. This is covered in Chapter 
XVIII. Once you have encountered this dis¬ 
agreeable experience of a broken case in the rifle 
chamber, look for the cause and remedy it at once. 
You may be far away from any correction methods 
the next time it occurs; however, this rarely hap¬ 
pens with everything in perfect shape. 

Cleaning and Repair Kits — Every rifleman 
who takes any proper care of his rifles will in time 
assemble some sort of a cleaning and repair kit; 
some of these kits are quite simple and elementary, 
while others, such as are taken by a large party on 
safari into Africa, are complete and pretentious field 
armories. At one time I made what I believe to be 
one of the most complete cleaning and repair kits 
ever made for an individual sportsman. It was a 
de-luxe outfit belonging to Colonel Whelen and was 
made for the .30 ’06 Springfield. The cleaning rod 
was jointed and had a knurled fiber handle running 
in ball bearings. Such small races could not be pur¬ 
chased so it was necessary to make them, using 
inch steel balls in two races, front and rear; 
this construction made the perfect ball-bearing 
handle. By unscrewing the joint near the handle, 
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a separate round knob could be screwed on the 
rod; this was a handy means of turning the rod 
for the purpose of drilling or tapping out an ob¬ 
struction. Among the fixtures of this chest were: 
two oil cans, a grease box, three spccially-madc 
gunsmith’s screw-drivers, a Jacobs drill chuck, two 
small brass funnels for cartridge loading or similar 
purposes, a complete set of 6-inch needle files in 
their special container, three-cornered scraper, small 
chisel and drift punch, broken-shell extractor, light 
hammer, fiber hammer, set of oilstones, and a 
selection of spare repair parts. Included with the 


cleaning-rod tips w'ere the three special ones used 
for removing obstructions. The case was made of 
American walnut, beautifully finished and lined 
with plush, and the lid contained a brass plate 
etched with the Colonel’s name and the Camp Fire 
Club insignia. 

Not every shooter will need as pretentious a 
cleaning and repair kit as the one just described, 
but it is well to have at hand a full set of properly- 
made cleaning rods and fixtures. In Chapter II 
I have given a complete description of how to con¬ 
struct good cleaning rods. 



CHAPTER XVm 


Lapping Barrels 
and Polishing 
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CHAPTER XVIII 


Lapping Barrels and Polishing Shotgun Bores 


I APPING is a refined abrading process usually 
J employed for correcting errors and polishing 
the interior of rifle and shotgun bores. The pur¬ 
pose of this class of work is to give a barrel a 
smooth surface or a mirror-like luster. Lapping 
bears about the same relation to the interior of a 
firearm as the finishing and polishing described in 
Chapter XV docs to the exterior surfaces. 'There 
are many essential iactors in the process of lapping 
steel surfaces, both flat and cylindrical, and a 
separate book could be devoted to this subject 
alone. A student will do considerable lapping be¬ 
fore he becomes in any way proficient; there are 
certain motions, touches, feels, sounds, and refine¬ 
ments which one can acquire only by practise, and 
it would be almost impossible to describe them in a 
way that would be intelligible. 

In lapping rifle barrels, the laps are made of 
lead, but for shotgun bores we shall often refer to 
various other materials and methods. The lead 
lap used for the rifle barrel is charged with an 
abrasive which is imbedded in its surface. The 
grade or coarseness of the abrasive depends upon 
the finish required and the amount that must be 
removed by lapping. In a rifle barrel the highest 
finish is usually required, hence a very fine abrasive 
must be used. 

In lapping any form of barrel which has spiral 
grooves, a lap must be cast on the end of a steel 
rod. The lead is then the exact form of the in¬ 
terior. By coating the surface of the lap it is 
charged and becomes a means of cutting the steel 
surface to a certain extent. Oil and emery paste 
must be used freely upon the surface of the lap or 
the opposite condition will exist—the barrel will 
cut the lap. The tendency of lead laps to lose their 
form is an objectionable feature. They are, how¬ 
ever, easily moulded on the end of the lapping rod. 

It is always well to change these often, so that it 
is possible to keep the form well in the grooves and 
lands. 

The correct ahrasive to use when lapping a barrel 
is flour of emery, or a very fine grade of carborun¬ 
dum. The latter being the fastest cutter, is of 
course more desirable, especially on a rusted barrel. 

It is mixed with sperm or olive oil to the con¬ 
sistency of molasses, and is applied sparingly to the 
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surface of the bore, from where it is taken up by 
the lap which becomes charged as it passes over. 
Insert this well into the barrel. 

When the operation is almost completed, how¬ 
ever, this is discontinued, and a drop or two of oil 
charged with the finest particles of flour emery is 
substituted. This is obtained by sifting a teaspoon 
of flour emery into a tumbler full of sperm oil. 
After standing one hour, the nil should lie poured 
off: the residue will lie found to be charged with 
the finest emery, the coarse particles having settled 
to the bottom. This abrasive is applied a drop at 
a time, from the end of a pointed stick well inside 
the barrel. This will make a remarkably smooth 
and bright finish, if one wishes to leave it this way; 
but to secure the highest luster, a new lap must be 
cast. 

Mix powdered rouge together with sweet oil—or 
powdered Vienna lime with paraffin oil—to the con¬ 
sistency of a paste. The latter produces a remark¬ 
ably fine luster upon the work, whereas the former 
gives the high dark luster. Keep the lap well sup¬ 
plied with these finishing abrasives and do not allow 
it to become dry in any part of the barrel. Apply 
it from both ends of the barrel, as the lap is drawn 
back and forth. 

Measuring Bores — The first stage of lapping 
a rifle barrel is to measure the bore, having first 
carried out all the operations given in Chapter 
XVII. It is essential to know the diameter of a 
barrel before starting the lapping operation; also 
to know if it has tight or loose spots. 

The bore diameter is the size over the lands or the 
distance from the top uf one land to the top of the 
opposite one, measured across the bore. The groove 
diameter is the depth of the rifling measured in a 
like manner, or the distance from the bottom of one 
groove to the bottom of the opposite one. These 
diameters should be measured with a micrometer 
and the student should always know, before the 
lapping operations take place, the exact bore and 
groove diameter of any rifle barrel and keep these 
in mind. 

The Frankford Arsenal had an instrument which 
was called a “star gauge.” Two of these were 
made: one was kept at the Frankford Arsenal, and 
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one sent to the Springfield Armory- The gauging 
head was fastened to a tube; on the inside was a 
rod which was fastened to the projection, and on 
the opposite end a vernier scale reading in 0.0001 
inch. Master ring gauges were made in 0.3060, 
0.3070, 0.3080, and 0.3090 inches. They were used 
to check the measuring points, and as the scale has 
ten graduations on it, it could always he kept in 
perfect adjustment. On the steel tube this had 
rings one inch apart, and measurements could be 
taken one inch apart the full length of the barrel. 
A star-gauged rifle barrel is simply a barrel meas¬ 
ured with this gauge. Other gauges are also made 
to determine the diameter, but when it is star- 
gauged it means that the full length of the barrel 
was measured at intervals of one inch and came 
within certain limits set as maximum and minimum 
dimensions. We found a measurement which gave 
the finest results in an accuracy test: 

Groove 0.3082 maximum 
0.3080 minimum 

Land 0.3002 maximum 
0.2QQQ minimum 

A star gauge is a very expensive instrument, and 
the two which were made at the Frankford Arsenal 
cost about $500 each; thus these are somewhat out 
of the reach of the private manufacturer, let alone 
the average rifleman. 

There are always two ways to do a thing: the 
simple method and the advanced or technical one. 
To work out ideas in a technical manner takes years 
of study. To measure the bore and groove of any 
rifle barrel, simply drive a lead slug or bullet 
through the bore and measure the diameter. Select 
a piece of pure lead, and if you have a lathe, turn 
this about 0.002 inch over the groove diameter of 
the barrel; if not, hammer and shape a piece about 
three-fourths inch in length which can just be 
driven into the bore, not necessarily tight, but so 
it can be pushed in. Insert a steel rod which is 
close to the bore diameter, and with the bolt locked 
in place, insert the rod from the muzzle, hitting 
against the bolt. The length of the rod makes no 
material difference as long as it comes about half¬ 
way into the barrel. Apply a light coat of thin oil 
to the interior and then insert the rod and the 
lead slug. Insert another rod, which is near to 
the bore diameter, from the muzzle against the slug, 
and with a hammer give good sharp blows which will 
upset the lead and fill all parts of the grooves. 
When withdrawn and measured, this gives a true 
reading. 

Before withdrawing this lead master-slug from 
the bore, shove it up near the chamber and then 
work it out slowly to the muzzle. Note every tight 
and loose spot that you encounter throughout the 


barrel length and apply more time on these spots 
when the lapping operation takes place. 

When you wish to measure the breech and muz¬ 
zle, cut rods to the proper length to rest against 
the bolt or breech block. First upset the lead at 
the chamber end, then take another rod which will 
reach up to the muzzle or to a distance from which 
a true measurement can be taken. Then upset a 
master slug at that point with these two before you, 
measure them, and compare sizes. It is a very 
simple matter to check the groove diameter from 
these master slugs, but the land diameter is rather 
difficult to determine unless you have special ball 
points on the micrometer, as Figure 18 shows. 
These fit over the anvil and spindle of the microme¬ 
ter and it is an easy matter also to check this size 
in the grooves of the master. In measuring these 
lead slugs, measure all sides, as you will often find 
one side greater in diameter than the other. Do 
not clamp the micrometers too tightly over the 
outside surface or you will never get a true reading, 
but adjust gently by the spindle ratchet. After 
being measured, these can be placed in an envelop 
and marked with the exact sizes, rifle number, and 
date. If placed in a box so they will not be damaged 
in any manner, this will be your future record of 
that particular barrel. 

When you are testing for tight or loose places 
in the bore, notice the smoothness of the bore and 
locate the rough spots and pockets. To do this in 
the correct manner, clamp the barrel in the vise 
between felt jaws. To free the bullet through the 
barrel, make a wooden knob for the end of the rod, 
and have it just fit the palm of your hand. If you 
are forcing the bullet through the bore from the 
muzzle, grasp the rod by the wooden handle in the 
palm of your hand, and with the weight of your 
body, force the bullet through the barrel with a 
steady motion. Do not allow the master to stop 
in the entire passage; the slug should go through 
with an even and gradual speed so that one can 
easily detect the slightest difference in pressure 
indicating the tight and loose spots. A little prac¬ 
tise is essential; if you repeat this test two or three 
times you are sure of your findings, which can be 
chalked on the outside. The best barrels are those 
which have no tight or loose places, but are of an 
even and true diameter from chamber to muzzle. 

All rifle barrels are at times greatly improved by 
a careful lapping operation. Most barrels which 
come from the factory are made in various sizes, 
particularly the cheap arms, as they require a 
greater manufacturing tolerance than such govern¬ 
ment-made arms as the Springfield M/1, and 
Model 1903. Accuracy depends upon correct bore 
and groove diameter and a high finish free from 
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any tool marks. The only way these can be 
achieved is by a lapping process, after the correct 
sizes and conditions of the interior are known. 
Perhaps you have trouble with your barrel picking 
up lead and metal fouling because of tool marks 
which are impossible for the eye to detect. The 
tool marks which pick up this metal fouling can 
often be eliminated by a careful lapping opera¬ 
tion. 

I must impress upon the student that every 
barrel does not need lapping. If a barrel is perform¬ 
ing in a satisfactory manner with fine accuracy, 
lapping the interior is unnecessary. Figure 85 is a 
full-detail drawing of one of the finest types of 
lapping rod that can be made. Of course, special 
tool equipment and a considerable knowledge of 
mechanics are required to make one. If you should 
have a number of barrels to do in the course of a 
year it would pay you to have one made, as an 
ordinary cleaning rod cannot be used for the 
purpose. 

The improved lapping-rod head, when once 
made, can be used for any rod. The short shaft is 
reamed on the end with a standard tapered pin 
reamer and different rods can be inserted and 
changed very readily. Two rods are shown; one 
for the lead to be cast to the end and the other for 
the leather washers, using fine powdered rouge or 
lapping compound. All rods are. made from drill 
rod; this gives the required strength, as a lapping 
rod receives rather hard treatment, and the handles 
must be large enough to allow of a good grip. In 
addition you will need a melting pot, a small ladle, 
and a supply of lead. 

The amateur who is not prepared to make so 
elaborate a rod at first can use a front bicycle hub. 
Two large wood screws are welded in the center and 
large file handles screwed in place. Then a rod is 
welded on the end of the axle, or it can be annealed 
and drilled out to take the rods and a set screw 
used to hold these in place. 

A wooden handle is also made, about 12 inches 
long by l J /z inches square in the center. Ends arc 
formed in the shape of handles similar to the old- 
time hand augers. Different small ball races can 
be picked up from a junk yard and set in the center 
of the handle with plates holding them in place, and 
a small shaft used, extending out long enough to 
take the rods. Various methods may be used to 
construct a satisfactory lapping-rod holder of the 
material at hand, but the best will require some 
time to make. 

The length of time required to lap out a barrel 
depends upon conditions and what you found when 
you measured it with the lead masters. The usual 
time is between two and eight hours, but you had 


better count on the longer time, for to do the best 
job you must go slowly and feel your way. 

If you have not prepared the barrel for lapping 
as described in Chapter XVII, the bore must be 
thoroughly cleaned before work is started. Scour it 
out and use the metal fouling solution if the barrel 
is a high-velocity arm, or use mercury to remove 
the lead if the opposite. Dry and clean the bore 
after using an}' of these, and examine it to see if it 
is free from any foreign substances, such as small 
pieces of metal alloy which may come off and be 
imbedded in the lead lap. This might cause a deep 
scratch in the steel as it is worked back and forth. 
The lapping rod is first run through the barrel from 
the breech, and the end is allowed to project far 
enough to expose the canelures below the jagged 
tip. Cotton string is then wound carefully into 
these grooves and the rod withdrawn until the 
jagged tip is about % inch below the muzzle. The 
cotton string is used as a seal to prevent the melted 
lead from running down the bore of the barrel. 

With the barrel clamped in a vertical position 
between the felt jaws in the vise, take a gasoline 
torch and heat the muzzle of the barrel slightly 
down as far as the grooves where the cotton string 
is wound. The required heat is about .550 degrees 
Fahrenheit; this is done to prevent the lead from 
shrinking and at the same time to give a full and 
perfect lap, the same as a perfectly cast bullet when 
a mould has been heated to the right temperature. 
Pour the melted lead carefully into the bore until it 
is flush with it, and allow to cool before examining. 
Ti your hand is not steady in the act of pouring it 
will be advisable to have some kind of support to 
rest the ladle on so that a steady stream of lead 
may be accurately poured into the center of the 
bure. 

After allowing a few minutes for the barrel to 
contract, the lead lap is pushed forward for an 
examination. Here is a word of caution: at no time 
should a lead lap be completely withdrawn from the 
bore. If this happens a new lap should be cast. 
Before withdrawing the lap to a degree where it is 
possible to examine it, push it out from the muzzle 
only about % inch, and with a fine hack-saw cut 
off the “sprew/ 7 being very careful that the saw 
does not touch the muzzle. Then trim the end 
straight, and with a jack-knife turn a small angle 
around the end so that the lapping material can 
enter around the lead, which charges the lap as it is 
drawn back and forth. A well moulded lap should 
not show any deformation but be a perfect cast of 
the lands and a sharp and well proportioned groove. 
Should the lap when examined show a poor con¬ 
struction full of blow holes and deep grooves caused 
b}' the barrel or the lead not being hot enough. 
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withdraw it and cast a new one, heating both 
muzzle and lead much hotter for the next attempt. 

Having at last produced a satisfactory lap, clamp 
the rifle barrel between the felt jaws in the vise 
and rest the muzzle on the gun brace or pan as 
Figure 86 shows. The bench should be substan¬ 
tially made and must not vibrate. The end of the 
lap is pushed out from the muzzle about 1 Va inches 
and the collar placed on the rod, so that it will not 
come out any further. Also make a suitable stop 
on the bench, so placed as to hit the rod when it is 
drawn out from the chamber end and still nut be a 
hindrance. Before any abrasive is used, a small 
amount of sperm oil should be applied to the lap. 
This is worked back and forth in the barrel to have 
the lap set and function properly and turn easily in 
the grooves. The bearing in the handle should 
work freely, so that the lap will not ride on either 
side of the lands and round them too greatly. If 
you do not have a stop collar on the rear end of the 
rod a wooden stop can be set at the correct distance 
from the muzzle in order to eliminate any danger 
of the lap passing through the barrel. It will be 
well to cut a mark in the end of the lap and also 
a mark on the end of the barrel so that it will be 
possible to enter it again in the same grooves should 
it accidentally slip out. 

The proper abrasive material to use on the lap 
depends upon the condition of the barrel and the 
exact results desired. For a badly rusted or pitted 
barrel where bore size is at the minimum, flour of 
carborundum should be used mixed with sperm oil 
to the consistency of a paste heavier than molasses. 
This may be used very freely. At times it is neces¬ 
sary to use as coarse a grade as 90. In a semi- 
rusted barrel the flour of emery or carborundum is 
the most satisfactory. For the slightly rusted barrel 
320-M optical emery mixed in olive oil will prove 
very good. Mixed emery and oil may be applied 
to the exterior of the lap from a small thin stick, 
as the end of the lap is exposed from the muzzle. A 
small amount may also be applied to the interior 
of the barrel. Flour of carborundum cuts very 
rapidly and should not be used for too long a time. 

The bore is lapped by grasping the auger-shaped 
handle with both hands and keeping up a steady 
motion back and forth, coming up to the back and 
front stops. This steady back-and-forth motion 
may continue for some time if the barrel is true 
and straight; but if a bore has tight and loose 
places the lap must work over these places with 
short even strokes. These have been marked out 

with chalk marks on the outside, but the feel of the 

* 

lap will indicate them also. When the lap begins 
to wear down and it is difficult to detect these 
places ; take a rod of the same diameter as the bore 


and upset the end of lap slightly by tapping the 
end of the rod with a light hammer. Then pull the 
lap back through the bore; by this slight enlarge¬ 
ment on the end it is an easv matter to continue in 
the tight and loose sections once more as they dis¬ 
appear in the bore. Then the full-length strokes 
may be applied again. From time to time the paste 
must be placed on the end of the lap. It is not 
advisable to use the emery paste continually, but 
to alternate with special oil mixed as described with 
emery or carborundum. 

The length of time given to use a lap will vary' 
according to the condition, but between five and 
twenty minutes is about correct. Withdraw the lap, 
wipe the barrel clean, and inspect. To clean a bar¬ 
rel thoroughly after a lapping operation, use gaso¬ 
line and then powder solvent. Wipe dry with as 
many patches as necessary. Examine to see if all 
the rust marks or pits have disappeared. Measure 
the bore again as previously described to see how 
much it has been enlarged, and compare with meas¬ 
urements taken with the masters. 

After the required conditions are attained, a new 
lap is cast and powdered rouge or lapping compound 
is used for the final high luster. No particular 
length of time for this operation is required, for 
these materials do only a slight amount of cutting 
but give a higher polish. You may continue for 
one hour and produce no material effect upon the 
size. 


When using flour of emery or carborundum the 
enlargement of the bore should not exceed 0.0003 
inch, particularly in a barrel using jacketed bullets; 
nor should it be any more fur a .22 caliber target 
rifle, altho .0004 can be lapped out of a barrel 
which uses lead bullets. 


Upon examination one can determine about how 
much of the paste to use together with the length 
of time to lap a barrel. If the desired effect is not 
produced with the first trial, another lap is cast and 
proceeded with as before. The exact amount of 
time is not considered when one seeks a fine and 
highly polished bore. You can never expect to own 
one by buying a factory-made barrel, for the nec¬ 
essary time cannot be expended on such barrels. 

At times it is well to use the lapping compound 
on a new barrel, as you can often spend between 
two and three hours with greater results. The lap 
should be kepi in perfect shape and be removed oc¬ 
casionally. It is scarcely possible to lap too much 
with this compound as it has a greater polishing 
than cutting effect upon any bore, and there is 
without a doubt a great improvement resulting in 
the accuracy of the barrel. At the end of such a 
treatment the interior of the barrel should be 
finished with the highest degree of luster, such as 
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we see on the working parts of a watch. It will 
be well for the student first to practise on a 
barrel which has lost its accuracy or one that he 
does not care much about Carry out exact in¬ 
structions, for such experience is of great benefit 
and the practise will enable you to do the same on 
some barrels in your collection, improving the ac¬ 
curacy appreciably. With this practise you will be 
able to detect the “feel” and other essential points 
which I cannot explain or describe. By way of il¬ 
lustration, ask a carpenter how he knows that he is 
sawing a board straight and he will be unable to 
tell you. Nevertheless, he has acquired a peculiar 
sense of touch or such general acuteness of the 
senses that he knows when the saw starts to “run 
nut.” His mind and arm automatically return the 
saw to a straight line without missing a stroke. It 
is the same when you are filing out a die. You can 
file a die, looking only at the surface line, and can 
detect the instant the file “rocks” from a straight 
line. I can tell you that I “feel it” but T am unable 
to tell you what the sensation is. Likewise I can¬ 
not explain some of the finer points of barrel lap¬ 
ping; as I have pointed out, they are fundamental, 
and proficiency and skill must be acquired by prac¬ 
tise and experience. 

Lapping Shotgun Barrels — The lapping of 
shotgun barrels requires the use of power in the 
form of a polishing head, reaming machine, lapping 
head, or speed lathe. In Chapter XVII, in¬ 
structions were given to lap a shotgun bore with 
laps made from hard wood. Such forms can 
he used by hand very effectively, but when you 
have power of some description a lap made as Fig¬ 
ure 96 shows will produce the desired results. A 
wooden lapping rod, when used with any means of 
power, causes too much vibration in the rod and 
similar conditions on the surface of the bore. T his 
is why cold-rolled steel rods are used with power. 

It is necessary to cast the lead over the end of 
the rod, using a piece of gas pipe as the mould. 
The pipe should be cleaned out on the inside and 
made slightly tapered, so that it can be easily re¬ 
moved when the lead is cast. The rod is first 
drilled on the end and then reamed out with a 
taper-pin reamer, using a tapered pin in proportion 
to the size of the rod used. A very good size for 
either a % or %-inch rod is either a No. 4 or 5 
taper pin. After the rod is reamed it is sawed 
through the center with a hack-saw to a length of 
about 4 inches. Before the rod is split, suitable 
gashes are made similar to the ones made on the 
rifle lapping rod to hold the lead. When this is 
done, remove the burrs from the inside of the 
reamed hole and insert the tapered pin. 


To mould the lead over the end of the rod, clamp 
the rod in the vise, allowing between 4 and 5 inches 
of the end to extend over the face of the jaws. 
Place a washer over the end large enough in diam¬ 
eter so that the piece of pipe can rest on it, and 
with a piece of putty, moist clay, or asbestos, form 
a joint and rest a piece of pipe on it so the lead 
will not run out at the bottom when poured. To 
center the pipe you can use your eye to get the 
proper distance between the rod and pipe. If this 
cannot be done, use inside calipers to center the 
two. 

It is necessary to heat the mould and pipe as you 
did on the rifle barrel, by using the gasoline torch. 
The rod and mould must be well heated; have the 
lead prepared at a heat ready to be poured. Pour 
in the same manner as you did for the riflc-barrcl 
lap. Maintain a steady stream until it reaches the 
end. If you stop pouring for an instant, the lap is 
usually in two nr more pieces. Just as soon as the 
lap sets, drive off the piece of pipe in the direction 
of the taper. 

It is now necessary to turn the laps to the proper 
bore diameter on a lathe; in the following table are 
the diameters of the cylindrical portions up to the 
choke of shotgun bores: 

4 gauge = 0.935 inch 

8 “ = 0.835 “ 

10 “ =0.775 4< 

12 “ — 0.720 « 

16 41 = 0.662 44 

20 44 = 0.615 44 

28 41 = 0.550 44 

410 44 =0.410 to 0.425 inch 

Many makers vary from these sizes, in some 
cases as much as 0.005 inch, so it is always well to 
measure the bore before the lap is turned to the 
correct size or continue to try it as you turn down 
the lap, always from the chamber end. After the 
lap is turned to fit the bore just so it can be pushed 
through with freedom, turn shallow' rings about *4 
inch apart for the oil and emery to lodge in, and tc 
help keep the lap lubricated with the cutting com¬ 
pound. 

For good lapping, the speed should not be too 
fast, but about the first cone on an open belt on 
the lathe. If the speed is too fast on such a large 
surface as a shotgun bore, the emery or carborun¬ 
dum does not have time to do its most efficient 
work. Always keep the lap well supplied with the 
cutting abrasive and also with the oil mixed as it 
was prepared for the lapping of rifle barrels. As 
the lap begins to wear down, lightly tap the tapered 
end to expand it well against the walls of the barrel; 
not too tightly, but just so that it. will do its best 
work at all times. When it is too tight it tends to 
heat the barrel too much, and when you only have 
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Lapping-rod lips used for polishing shotgun-barrel interiors 


ribs which are soldered to the barrel, extra care 
must be used to see that the heat is not generated 
to a degree which will separate the barrels from the 
rib. If it is a single-barrel trap gun, care must also 
be used so that the heat does not affect the venti¬ 
lated rib, which is also soldered on. 

A lead lap made in this form will cut very 
rapidly; therefore examination of the bore should 


be made to see that too great an amount of metal 
is not removed. The abrasive to be used depends 
upon the condition of the bore. If it is pitted very 
badly, it wall be best to use No. 120 at first, and 
then gradually use the finer grades when finishing 
up. If you find it necessary to reduce the choke, 
turn down the lap to fit it, and then continue to 
lap it out for the desired pattern. 
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Lapping Out Choke for Pattern — Shotguns 
arc given different chokes, such as full choke, three- 
quarters choke, modified choke, quarter choke, or 
improved cylinder, straight cylinder. These may 
also be expressed as a certain percentage of pattern; 
a full choke barrel usually gives about a 75 per cent 
pattern; a three-quarters choke will give about a 
55 per cent, and a modified choke 40 per cent or 
better. Then we have the true cylindrical bore, 
which is the straight barrel. 

You may have a full-choke gun which you wish 
to reduce to about a 60 per cent pattern. Since the 
choke on a full-choke gun is about 0.030 smaller 
than the bore, you must lap out between 0.008 and 
0.010 inch to produce these results, or you may 
spoil the pattern altogether. A full-choke gun is 
usually adapted for trap shooting; such a choke as 
this is really out of the question for the all-around 
gun, and a 60 per cent pattern is far better to use. 

T wo lapping rods should be made, one for the 
bore and one for the choke of the barrel. The 
barrel lap, when completed, can be washed out with 
gasoline, and then the finishing operation with the 
powdered rouge and oil or the lapping compound is 
employed. It will be well to make these two lap¬ 
ping rods if you have a number of barrels to lap, 
and then the expansion will not be too great in 
either rod. When you change from the bore to the 
choke or vice versa, the length of time you spend 
to polish a shotgun bore with the rouge or lapping 
compound is of no material difference as these do 
not cut. very much but give a highly polished sur¬ 
face to the metal. 

When lapping a shotgun barrel, be careful not to 
get it too greatly oversize; judge by the figures 
given in the table for shotgun bores. We have the 
same conditions to consider in shotgun barrels as 
in rides—the badly pitted bore, the semi-rusted and 
slightly pitted condition, and the slightly rusted 
bore—so we must treat each in a different manner 
but all with the same degree of forethought. 

There is a much simpler method of polishing out 
shotgun bores and chokes—with the split lapping 
rod, emery cloth, and No. 7/0 sandpaper. Use a 
piece of cold-drawn steel rod; % diameter for 16, 
12, and 10 bores; % for the 20 and 28 gauges; 
% for the .410. With a hack-saw, split the end 
about 4 inches through the center, and wrap emery 
cloth around the rod, one end fastened in the hack¬ 
saw slot, to hold it in place during the lapping 
process. The grades of emery cloth used depend 
upon the condition of the barrel; coarse for the 
roughing operation, medium for the intermediate 
condition, and the fine, together with the crocus to 
finish, or the No. 7/0 sandpaper to be used before 
the crocus, when it is found necessary. It is sur¬ 


prizing what a wonderful finish the fine sandpaper 
will produce; it is just a matter of choice between 
it and the crocus. When using the emery cloth, 
paraffin oil or lard oil must be supplied to the inside 
of the barrel as well as to the surface of the cloth 
to produce the best results. Fine sandpaper or 
crocus cloth must be dry to produce the high finish 
desired, but before using either one of these the 
barrel must be washed out thoroughly with gasoline 
and wiped clean with canton-flannel patches. The 
s|>eed should be the same as for lapping with the 
lead lap, and the emery cloth must always be tight 
against the inside; not too tight, but so that it will 
do its best work. You will be surprized to see what 
good work can be accomplished with such a simple 
method of lapping. 

Lapping Chambers — This is an operation 
which requires much care, and only in rare cases 
will a chamber require such treatment. It becomes 
necessary when the chamber has become rusted and 
small pits have formed, making extraction more or 
less difficult, and then only on the taper where these 
places exist. The usual method employed is to cast 
a lead lap into the chamber on a cold-rolled steel 
mandrel. The length of the lead cast must be 
gashed in a manner similar to that of the ends of 
the lapping rods. The mandrel is made or turned 
down on the end to allow enough lead to be cast to 
form the neck portion of the chamber, with enough 
body to allow it to work effectively at that point. 

To cast the lead lap in the chamber, the barrel 
must be removed from the receiver, a cork or piece 
of soft wood driven into the rifling, and the man¬ 
drel inserted, well centered. The chamber end is 
heated to a much higher degree than at the muzzle 
to expand the steel at that point, so that when it 
cools off the lap will fit the chamber very tightly. 
Pour the lead in the same manner as you did for 
the barrel lap, and when it cools to a certain degree, 
remove by inserting a cleaning rod from the muzzle 
and back it out. Examine the lap to see if it is a 
true reproduction of the chamber; if not, a new 
lap must be cast. Assuming that a perfect lap has 
been made, the barrel is clamped in the chuck and 
trued up so that the chamber does not run out over 
0.002 inch. A lathe dog or a similar holder is 
fastened to the lap mandrel in order to have a 
means ol holding it while lapping. 

Very fine flour of emery is used mixed with olive 
oil to a very thin consistency. The lap is then 
coated with this and placed in the chamber. As the 
rear part of the chamber is on a taper, the lap will 
have a tendency to work ahead rapidly, and at 
times to a degree where it will stick and be torn out 
of the hand. The proper motion given to such an 
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operation when lapping a taper is gradually to let 
the lap work forward until it becomes tight, with¬ 
draw it at once, and start over again. This motion 
is only a means to prevent the forming of rings on 
the taper. When the lap becomes loose and hits 
the shoulder it must be filed back, only allowing 
the lap to work upon the taper. If the shoulder 
only is to be lapped to increase headspace, at least 
six laps must be cast, for one alone would place 
very bad rings on this part. Laps for the shoulder 
alone must be made to be effective at that point 
only; the other part of the lap is relieved and does 
no work. 

This method of lapping a chamber is liable to 
prove very unsatisfactory. In the first place, it is 
difficult to secure a smooth surface because the 
tapered lap cannot be moved across the surface; 
moreover, the lap tends to cut round grooves into 
the work, as it often remains in one position, and 
imperfections in the chamber will to some extent 
be transferred to the lap. Care must be exercised 
to see that the end of the chamber is not enlarged 
too much, because the abrasive is gradually carried 
outward toward the mouth of the hole by the cen¬ 
trifugal force, which, of course, increases as the 
diameter of the hole increases. Two laps should be 
used, one roughing and one finishing (if a smooth 
hole is necessary), before the fine emery cloth is 
used. Shotgun chambers are the easiest to lap as 
the taper is very slight, and revolver cylinders re¬ 
quire a straight or slightly tapered lap. These may 
be turned out of cast-iron or copper. The lap is 
chucked in either the lathe or drill press. In Chap¬ 
ter IV, Volume I, an illustration shows a set of 
lapping arbors together with the style of laps used 
for straight holes. This is employed to lap the 
cylinders of revolvers, where each one is the correct 


size, for once a lap of this style is set, it is possible 
to alternate from one chamber to the other and 
they must all be the same size. 

Sometimes when the chambers in .22-caliber arms 
become very badly pitted, the soft copper of the 
case will imbed itself in the rust pits, and the ex¬ 
tractor will not remove the exploded case. If these 
pits are not too deep, the chamber is lapped out in 
a different manner. Take a small piece of drill rod, 
saw a slot in the end, wrap with fine emery cloth, 
and tighten in the chamber. With the opposite end 
caught in the chuck of the hand drill and the barrel 
damped between the felt or lead jaws in the vise, 
continue to lap the chamber until the pits are re¬ 
moved. This is not advisable if the defects are too 
deep, for this would enlarge the chamber to such 
an extent that the fired cases would split. Be very 
careful when lapping a chamber in this manner not 
to make it larger in the front end than in the rear. 
This may be avoided by working the lap back and 
forth a short distance. Frequently the extraction 
is perfect after such an operation on these cham¬ 
bers. 

On .22-caliber automatic rifles such as the Win¬ 
chester and Remington, which are difficult to 
clean from the breech, the chambers become rusted 
and pitted, causing the rifle to jam; but with the 
above treatment these arms can often be made to 
function perfectly after the chamber has been 
highly polished and the rust spots removed. 

After the student becomes proficient in lapping 
operations pertaining to firearms, he will find that 
a number of them may be profitably employed in 
other classes of work where close limits are to be 
made, such as gauge and instrument work, fine tool 
making, etc. You will judge for yourself what can 
be done in other lines of mechanical work. 
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M ODERN methods of gun construction often 
call for parts with greater refinement than 
those which can be purchased from the usual source 
of supply. Arms companies specialize only in their 
standard products, so the individual cannot secure 
special parts but must construct them himself. 
Many parts can be made in the shop by hand— 
presuming that the proper machine tools arc avail¬ 
able. Very little space can be given to the descrip¬ 
tion of all types of machine tools; the principal 
purpose will be to explain the parts and the prac¬ 
tical problems connected with their construction 
and with the art of adding beauty to the general 
outlines of a piece having a definite purpose in a 
firearm. No attempt will be made to describe all 
parts, but I shall try to give all the most essential 
ones in an ideal rifle or shotgun. Modern rifle 
making, particularly that side of the work calling 
for custom-made arms, requires the specification for 
special parts in accordance with an individual's 
ideas, while others have been made in the gun shop 
and made part of the gun itself. We shall think 
of these in terms of improvements; they are not 
the ideas of one person, but have been developed 
gradually by many people. 

The remodeling of the military rifle has evolved 
some excellent ideas and brought the target revolver 
and pistol into popularity. These have brought 
into accepted use many small parts not known on 
the standard factory arm. They are, perhaps in 
many instances, not essential to the functioning of 
a firearm, but they do offer convenience of handling 
and greatly improve its appearance. Many parts 
cannot be adequately covered in this chapter, and 
in response to a demand for more comprehensive 
and detailed treatments of the more important ones, 
they are treated in other chapters. This, however, 
will cover some of the principal parts which call 
for various machine operations, even tho these may 
be treated elsewhere; here they will be treated in a 
different manner, and there will be conveyed to the 
reader ideas which he can elaborate upon for his 
own particular needs. 

Front-sight Ramps — There are two styles of 
front-sight ramps; one is integral with a band which 
encircles the barrel, and the other rests on top of the 


barrel without the encircling band. In my opinion, 
the latter with its neat, graceful outlines, is the 
better; the encircling ring on the forward portion 
of the barrel breaks the outlines of the gracefully 
tapered barrel ramp. I can remember when Colonel 
Whelen and 1 made the first ramp and placed it on 
a Springfield rifle. The first ramps w r c designed 
were short and ungraceful in appearance. I still 
have one of these in my possession and like to look 
at it, for it brings back fond memories of our close 
association. Years have gone by since then, but 
those experiments were the means of bringing some 
valuable information to the reader of this book. 

The ramp is a great aid in preventing barrel 
mirage in holding the front sight on an object and 
consequently disturbing one’s aim. It also permits 
the use of interchangeable front sights. On a ramp 
where the blades are dovetailed into a tapered slot 
it is always possible to place them in the exact cen¬ 
ter and eliminate the standard blade sight alto¬ 
gether. The sight is placed very low’ in the top of 
the ramp and protects it from being bent, which 
happens so often. 

Figure 97 illustrates twelve standard styles of 
plain barrel ramps which arc machined from r / ni x 
% inch cold-drawn steel. Others may be formed of 
V 2 x % inch steel and machined to a width at the 
top of inch, holding the bottom width of V 2 
inch. This ramp should be made on the milling 
machine, but if special straight blades are also 
shaped to fit into a 0.170-inch slot they can be 
made on a shaper. The blanks for the long ramp 
are cut to 4 inches in length and then milled with 
a % o radius cutler on one side of the u /\ a- inch 
width, or to the exact radii of the barrel. The fl¬ 
inch radius is for standard Springfield barrels, but 
other radii must be made according to the diameter 
of the intended barrel. The % < 5 -inch height is 
used for the Sprimzfield with a standard rear aper¬ 
ture sight which gives a height of J / s inch over the 
top of the ramp. Ramps for different rifles are 
made in the following heights: %, Y*. 

and % inch. After the height is determined, the 
incline is milled, allowing for the straight portion, 
which is governed in many cases by the height of 
sight used. 

To determine these heights, a sight-setting gauge 
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Daiigns for front-sight ramps and covers 


is used as illustrated in Figure 98 for the Spring- 
field Model 1903 and Mauser .30-caliber rifles. A 
gauge of this design can also be made for other 
calibers and makes of bolt-action rifles, but since 


these two actions and the caliber are among the 
most popular in the United States, a gauge of this 
nature is almost necessary if many ramps are to 
be placed on bolt-action rifles of the military type. 
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The muzzle gauge is turned from a piece of 2 Vi- 
inch diameter cold-drawn steel; the end projection 
is made to the exact diameter of the bore, and the 
flats milled or shaped to the following heights from 
the center: 1.100 inch for target rifles using an 
aperture rear sight and shooting for long ranges; 
the 1.050-inch height for the standard Springfield 
height in connection with a rear aperture sight: the 
0.925 height for leaf sights and a cocking piece 
sight of the aperture type which is set 0.150 inch 
lower than the standard; the 0.800 height for the 
low settings of leaf sights, the lowest sighting ar¬ 
rangements on a Springfield rifle allowing the line 
of sight to clear the bridge of the receiver. 

The rear gauge is turned from a piece of cold- 
drawn steel and the projection just pushes into the 
receiver at the rear. The end is slotted and pro¬ 
vided with a slotted adjustable piece acting as a 
height gauge. The graduation is plus 0.050 inch, 
which is a height corresponding to the height of 
the muzzle gauge. The difference in figures allows 
for trajectory at 100 yards, or any other dis¬ 
crepancies which might lx* necessary for sight set¬ 
tings using an aperture sight. When leaf sights are 
constructed and placed on a rifle barrel, the height 
of the front-sight blade must be determined by 
actual firing at an object at a given distance. 

Before the slot is milled, a hole is drilled in the 
center of the ramp at the beginning of the incline 
and is counterbored to a depth so that the head of 
a 6 x 48 screw will clear the bottom of the sight. 
By sinking the head to this depth it is impossible 
to see the screw after the sight is driven into place. 
The head should be turned to the sight width; a 
No. 14 drill size is usually employed, which acts as 
a counterbore. The milling of the slot lengthwise 
is of standard width, fits the factory sights made 
for it, and is constructed in various heights and 
diameters of ivory or gold beads. The milling of 
the slot should he just wide enough so that the 
sight can be pushed in without any play: it is pos¬ 
sible to remove it easily whenever it is to be 


changed to some other style of sight. Next in 
order is the milling of the side slots to hold the 
sight cover or protector. The usual width of 
these slots is Vio inch and the depth 0.020 inch. 
The length should be about Vie inch ahead of the 
sight. These sight-cover slots must be miller! op¬ 
posite each other or the cover will be off to one 
side, which is annoying to a well trained eye. So 
that no mistake will be made in the exact location 
of both slots, a Vic-inch hole should be drilled in 
the extreme end of the intended slot. In the opera¬ 
tion of reversing the ramp to mill the opposite side, 
the cutter can be set exactly to the width of the 
drilled hole and the cut taken lengthwise. 

Number 4 in Figure 97 illustrates the encircling- 
band ramp-front sight base. This has become a 
standard, since it is now manufactured by two or 
three private companies; however, it is far from 
having any beauty or graceful outline, and the most 
satisfactory one will be one made by yourself. The 
most practical way to make it is from a blank of 
either machinery or cold-drawn steel measuring % 
x 1 % x 4 inches. The hole is drilled and reamed 
to the diameter of the barrel, and with a mandrel 
pressed in the hole, the blank is set in the milling 
machine vise and two straddle mills are spaced 
inch apart on the arbor. The end is laid out in 
exact center to the : /\ c-inch width and milled the 
entire length of the blank down to within V 32 inch 
of the mandrel. 

Having removed the desired width of the ramp, 
the blank is reversed and held by the milled section 
in the vise and a concave cutter is used to the 
exact diameter of the band, allowing the thickness 
when completed to be V32 inch of wall. After the 
radius is milled off the bottom, there still remains 
surplus material on each side of the band to be 
removed with a side-radius cutter with the ramp 
section still clamped in the vise; first one side and 
then the other is removed until a complete band is 
formed. Remove the mandrel and with a %-inch 
diameter end mill, remove the rear portion of the 
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band to the desired length. Be very careful that 
the end mill does not remove too much stock along¬ 
side the ramp; since there is only a small amount 
left, it can be hied until the sides come flush with 
the under radius of the ramp. 

The next operation is the milling of the ramp 
incline, which can also be done in the vise by hold¬ 
ing the back section of the ramp between two 
parallels clamped between the jaws of the vise. All 
surplus metal being thus removed, the ramp is now 
filed and polished; the dovetailed slot and sight 
cover slots are milled, and the ramp is ready to be 
sweated to the barrel. The method of securing the 
top barrel ramps without encircling bands is to 
secure them to the barrel with a 6 x 48 screw. 
First, line the ramp in the exact center of the bar¬ 
rel, spot through the drilled hole into the barrel, 
and then drill for the tap size. Be very careful not 
to drill through the barrel. The depth should be 
within inch of the bore; this gives between 
three and five threads or even more on a heavy 
barrel. While the ramp is still in place with the 
parallel clamp, tap the hole. After the clamp is 
removed, the screw may be fitted until it clamps the 
ramp very tightly; thus the ramp is prepared to be 
sweated in place. Tin both the ramp and barrel 
and then screw the ramp down on the barrel; use 
as much pressure as is necessary to pull the screw 
into place. After heating both the barrel and ramp 
until the solder will run, bring the screw down in 
position and cool in water. A ramp of this kind 
sweated and screwed into position will never come 
loose, and after it is finished as the illustration 
shows, it has graceful outlines. A matted or check¬ 
ered surface on the incline is very attractive. 
Artistic forms of ramps can be made, as the illustra¬ 
tion will show; with these before you, others may 
be figured out which may be far better in appear¬ 
ance. 

Sight Covers — All ramps should be provided 
with a sight cover or protection to be attached to 
the ramp. There are two styles of covers illustrated 
in Figure 97, and both are made of % x n /2 inch 
Shelby tubing. The plain type which slides in the 
grooves milled on the side oi the ramp is first 
knurled on the end and cut off to the desired length. 
A 2 _ f nc h drill is run through, making the wall 
thickness of the cover % 4 inch; then a %-inch 
hole is drilled close to the knurled section and with 
a hack-saw this section is cut out to the end to the 
same width as that which the drill made. The bot¬ 
tom of this slot is then filed flat, allowing only a 
thin holding edge. The slot is filed until the cover 
can be pushed on with a little effort, yet not so 
tight that it is sprung apart. The most satisfactory- 


method to hold a cover in place is to drill a Vi«“ 
inch hole in the ramp slot Vi inch from the rear of 
where the cover comes in place. A Vj 6 -inch pin of 
drill rod is driven in; both ends should be rounded 
and the projection of the pin on both sides should 
be just under the surface of the sides of the ramp. 
With a round needle file, remove two cut-outs so 
that when the cover is pushed over the pin it will 
snap into this position, which locks it in place. 
When a catch of this kind is made properly a cover 
will never be lost even iho the rifle is shot a num¬ 
ber of times while it is in its locked position. 

The finest and most practical sight cover is the 
snapover cover illustrated in Number 5, Figure 97. 
This cover is pinned through the rear; the pin has 
two flat sides, and in the center, a spring and 
plunger are used to hold it in either the covered or 
uncovered position. Sufficient friction is allowed 
on the front so that it requires a little effurt to pull 
it up. In the uncovered position the cover lies 
along the barrel in the rear of the sight base, ex¬ 
posing the sight to the full view of light; then when 
the shooting is over, all that is necessary is to snap 
the cover back into position, covering the sight 
from any accidental knocks when returning to 
camp. The plunger and spring are essential parts 
of this sight; they hold it in either position; altho 
a pin could be placed in the end and riveted until 
the cover becomes friction tight, this soon wears 
and much lost motion is exhibited. 

The forming of the cover must be done on a 
form, but the making of the cover is done in the 
same manner as that used on the plain cover de¬ 
scribed in the first part—except that instead of the 
hole being drilled next to the knurled section it is 
drilled Vi inch from the rear section and the front 
is cut out. After the first section is removed, a 
hack-saw is used to part the center of the web and 
then these two ends are turned out, forming two 
ears to the exact width of the ramp. To form them, 
a piece of steel must be drilled out and reamed so 
the cover can be inserted. A section is either milled 
nr sawed out, allowing the thickness of metal to 
form the width over the ramp. An arbor must also 
be placed on the inside, and the metal forced well 
out against the walls of form. With a small chisel, 
turn the ears up and with a wedge-shaped form, 
drive it in between, forcing the metal out until 
perfect ears are formed. Remove the cover from 
the fixture, file it neatly, and drill two holes through 
the center of the ear; file a small square in one. 
When everything is assembled in position, the large 
hole is drilled through the base in the desired loca¬ 
tion; a hole is also drilled for the spring and 
plunger. After all parts are blued, they are as¬ 
sembled and the pin riveted into place* using sets 



SPECIAL GUN PARTS AND THEIR CONSTRUCTION 


255 


which will form neat heads on the end of the pin. 

Front-Bight Fastenings — There arc various 
methods of fastening a front sight, but only two 
will be given here; one is by a screw and the other 
by a plunger. The most common method of hold¬ 
ing caterpillar sights with dovetailed bases is with 
a 2 x 56 fillister-head screw; the head is counter- 
bored into the blade and screwed in the ramp. The 
screws used to hold these sights in place should 
be case-hardened; if not, when they are set in place 
for a great length of time they become rusted in 
and are very difficult to remove. Figure 99 illus¬ 
trates two plungers that are very practical to use 




Fig. 99 

Plunger positions lor holding sights and other movable 

parts in position 


in connection with the caterpillar style of front 
sight when fitted into the ramp. They may also 
be utilized for a number of other things in the con¬ 
struction of firearms. One style has a radius 
formed on the end and the other has a tenon turned 
on the upper end of the plunger. The plunger is 
located oil the front end of the ramp, and to have 
these in the exact position, a No. 60 drill is first 
used to drill in the center of the sight well down 
into the ramp when the sight is placed in its correct 
position. With this center hole drilled, the sight 
is removed and counterbored on the under side to 
a depth which will allow' the radius or tenon to 
center. The spring and plunger hole is drilled in 
the ramp to a depth allowing the free mo% r ement of 
the spring and plunger. When the sight is fully in 


place with the spring and plunger assembled, the 
plunger snaps up into the counterbored hole in the 
under part of the side, thus holding it in place. 

If a number of interchangeable sights are re¬ 
quired, they should all be fitted first. The plunger 
and spring are drilled completely through the ramp 
so that the exact position of the tenon holes can be 
located in the under side of the caterpillar sight. 
When sights are to be changed in the field, insert 
a pin into the small hole, push the plunger down 
to clear the base of the sight, and gradually push 
the sight forward out of the dovetailed slot. Al¬ 
ways remember to hold the thumb over the plunger 
as the sight is removed so that plunger and spring 
will not jump out of the hole. An elongated slot 
can be placed in the plunger and a pin inserted 
through the side of the ramp to hold the plunger 
in place for those who are rather absent-minded. 

Plungers are turned from drill rod and should fit 
into the hole freely. Drill rod of the correct size, 
which only requires the turning of the tenon or the 
filing of the radius on the end, should be selected. 
The center tenon is turned to fit the inside diameter 
of the spring; this only requires a very short end 




Fig. 100 

Springfield boll sleeve, 
showing ball bearing 
and spring in position 
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in order to keep the spring centered in the hole. If 
a pin is inserted through the ramp to hold the 
plunger in place, the small elongated slot may be 
filed out on the side with a small square needle file. 
A plunger which is to he subjected to much wear 
should be hardened, but those which only hold 
parts in place, such as sights, etc., do not require 
any hardening. 

The plungers shown in Figure 99 have many 
uses. Ball bearings can be used in place of 
plungers with springs back of them; one may be 
inserted on the right-hand side of the bolt sleeve. 
Figure 100 illustrates how they are held in place. 
The main reason for placing a ball bearing at this 
heavy portion of the metal in the sleeve is to hold 
the cocking piece in position when a sight is placed 
on the end. A ball bearing with a heavy spring 
behind it forces the sleeve over to the opposite side 
and at the same time gives assurance that the 
cocking-piece sight will be correctly alined each 
time the bolt is closed. 

Springfield Armory should drill and tap these 
holes on all sporting arms, forming the bottom to 
take a %o-inch ball bearing and tapping the upper 
end for a 10 x 32 screw, even tho this hole is not 
used for any other purpose than to remove weight. 
Then when any one wishes to use a cocking-piece 
sight, the hole is there. This would eliminate an¬ 
nealing of the sleeve, which is required when a 
sight is used on the cocking piece. It is very simple 
in the sequence of operations before the sleeve is 
hardened, but when the gunmaker must anneal and 
reharden it again, it requires the proper furnaces. 

Similar plungers or ball bearings may be placed 
in bolts in some bolt-action rifies to act as a catch. 
At times the handles of such arms jump up in the 
act of firing; this may be eliminated by setting a 
ball bearing in the edge of the receiver wall with a 
spring behind it or even a ball-end plunger, and 
then drilling a small depression in the front edge 
of the bolt handle where it touches the plunger. 
The spring forces the rounded end of the plunger 
into this depression, holding the bolt handle down 
firmly until it is raised, which requires but little 
effort by the shooter. A similar plunger or ball 
bearing can be set through the bolt and the depres¬ 
sions placed into the wall of the receiver. Plungers 
and balls can often be used in places of advantage, 
and after their usefulness is known they can be 
applied to all makes of arms. 

Pistol-grip Caps — A pistol-grip cap is one of 
the essential parts of a remodeled or even a new 
firearm. Figure 101 illustrates standard designs of 
caps, allowing the maximum sizes to predominate. 
Naturally, smaller sizes are required, necessitating 



Fig. 102 

Profiling of parts as performed in the Remington Arms 

plant 


reduction in proportion to these figures. This rule 
also applies to larger caps. Grip caps of any ma¬ 
terial may be constructed from the figures given. 
Buffalo horn is the most desirable, and next in order 
is steel. 

The construction of pistol-grip caps shown in 
the illustration requires a set-up on a milling ma¬ 
chine or a profiler, using a vertical form cutter in 
either case. (Figure 102 shows a profiler in oper¬ 
ation.) If a milling machine is employed, a rotary 
attachment is clamped to the milling-machine table 
and a vertical attachment is set up on the machine. 

A vertical miller mav be used if one is included 

• 

among the shop equipment. A special disc must be 
made with a projection to fit into the center hole. 
Tee-slots are also milled in this place to clamp the 
cap in position while being milled to the outer edge 
to get the proper radius. After one side is milled 
it is reversed and the opposite radius is milled. 
The end radius may be partly milled and then 
finished by filing. A profiling machine is a produc¬ 
tion machine capable of duplicating parts with odd 
forms, and a profiling operation mills the entire 
outside from the cap. First, a steel templet or 
master must be made and mounted on the side the 
finger rides, and in the revolving head is mounted a 
form cutter the exact duplicate of the cap wanted; 
as the finger or indicator rides around the form or 
templet, the cutter duplicates this and mills the cap 
out to form. If special designs are desired, new 
cutters are made for them. It is rather expensive 
to turn out steel caps on this machine except on a 
production basis: if only a few are required, the 
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milling machine is the best set-up for an accurate 
machine cap. 

These caps can also be made by hand from 
bakelite, radio panels, ebony, aluminum, copper, 
brass, buffalo horn, and ivory. A templet is first 
laid out on a piece of % 4 sheet brass or steel and 
from this the caps are laid out and the center screw 
hole drilled. If a piece of buffalo horn is selected, 
simply cut out the form with a coping saw, and by 
the use of a sandpaper disc mounted on the grinder 
spindle the form can be ground down to the scribed 
lines and with a little filing the edges made per¬ 
fectly smooth. Countersink the screw hole. By 
mounting the cap on the end of a piece of about 
2 x2 inch hardwood it can be tightened in the 
vise and the form filed on the outside of the cap 
to any desired shape, as shown in the illustration. 
After filing it to shape, use fine sandpaper to re¬ 
move all file marks, and as it is still mounted on 
the wooden holder, polish on a muslin buffing wheel 
with rouge. By mounting the templet on the pistol 
grip of the stock, the wood can be formed up to 
this until it is perfectly even all around; then mount 
the cap. A piece of % 2 " ,nc h sheet silver may be 
cut out to the templet and mounted under the horn. 
The silver forms a neat contrast when worked down 
even with the wood and cap. 

Any of the pistol-grip caps shown in the illus¬ 
tration may be cast from aluminum, brass, bronze, 
or cast-iron, by making a wooden pattern and send¬ 
ing it to the nearest foundry specializing in small 
work of this nature. After the castings have been 
returned they are drilled and countersunk for the 
screw, then filed and polished very smooth to the 
accurate form and finally buffed to a bright finish. 
Cast pistol-grip caps can be finished in any shade 
or color, as described in Chapter XVI. The man 
with artistic ability can model various caps in fig¬ 
ure design out of plaster of paris or clay, have them 
cast, and then give them any finish desired. This 
type has become a little out of date, and artistic 
lines are striven for rather than ornate decoration. 

Trap grip caps are made in a number of ways, 
but the best come from England, used on most of 
the magnum bolt-action rifies to carry extra sights. 
The only purpose a trap is used for in a pistol-grip 
cap is to hold an extra front sight, otherwise it is 
merely an added novelty. If a rifle is provided 
with a trap butt plate a trap cap is not a necessity; 
however, if a stock has only a rubber recoil pad 
on a plain butt plate, a trap located some place on 
a rifle to hold the extra sights becomes a necessary 
utility. The proper location for such a recess is 
under the pistol-grip cap. 

Figure 103 illustrates one of the best trap pistol 
caps made from a Springfield or Krag butt plate. 



Fig. 103 

Trap pistol-grip cap 


using the plain plate free of checkering. The 
checkered plate may also be used, but the plain 
plates can be engraved or etched after they are 
mounted. (Refer to Chapter XXII, Volume 1.) 
A templet laid out from the illustration is set over 
the trap on the plain side of the plate, dividing the 
distance both for length and width so that the trap 
will come in the exact center when cut out. Three 
small screw holes are drilled, one in the front and 
two in the rear. The two rear screw holes are one 
on each side of the spring projection. The wood 
screws used are very small and the heads are al¬ 
lowed to come flush with the top of the plate, the 
slots pointing north and south. Alter the plate is 
in place, a Forstner hit can be run down any depth 
desired, hut the distance should be no greater than 
the length of the sights that go into this trap. 

A good form of trap pistol-grip cap can be made 
from Vi-inch cold-drawn steel to the templet using 
the standard figures given in Figure 101. The cen¬ 
ter is drilled and tapped to take a V& x 20 special 
round-head screw with a coin slot. The diameter 
of the screw head should be °/ir> inch. A counter¬ 
bore is used to slightly recess down from the sur¬ 
face, and the same counterbore is used to do the 
same operation for a specially made container. 
The bottom is drilled and countersunk to take a 
small wood screw to hold the cap in position and 
tight on the face end of the pistol grip. The spe¬ 
cially made sight well or container is either brazed 
or soldered to the under side of the cap. The 
hole is bored at right angles to the end of the grip 
to the desired depth. After the hole is started with 
the standard auger bit it is finished with a Forstner 
bit to the depth. The cap screw used to close the 
end must be made on the lathe: three or four 


SPECIAL GUN PARTS AND THEIR CONSTRUCTION 


259 


threads are sufficient to hold it in place. After this 
is fitted, the section of the bar from which it has 
been made is still held in the lathe chuck. Two 
small prick-punch marks are made facing north 
and south on the side. After removing the cap the 
screw is cut off to length and the head rounded. 
The coin slot is sunk in the center with a standard 
slitting saw on the milling machine. 

Pistol-grip caps can be made in such a variety 
of forms and sizes to suit all kinds and varieties of 
pistol grips that I have merely scratched the sur¬ 
face of their possibilities; but since I have often 
referred to this subject before, I feel that I have 
said about enough. However, I cannot leave it 
without making some comments on the caps which 
we see on factory arms and which are moulded 
from hard rubber. They are cheap, of course, but 
serve the purpose, the American public being satis¬ 
fied. The caps which most of the manufacturers 
place on their arms are of small size; when a larger 
pistol grip is made it is free of a grip cap and only 
the natural wood shows. The sizes illustrated arc 
only meant for new slocks and are designed to these 
sizes so that a full grip can be made with graceful 
outlines. Suitable caps are made in Germany and 
can be purchased from there, but with this informa¬ 
tion before you I know that perfect satisfaction can 
be had by following these instructions. 

Butt Plates — The British rifle and shotgun 
makers call these heel plates, but the American 
manufacturers apply the name of butt plate to a 
plate which is fastened to the end of a butt stock to 
protect the wood from splitting. Many shotguns 
made m England, even some of the finest, are void 
of butt plates. It seems that they are of the 
opinion I hat a heel plate spoils the beauty of the 
stock; sometimes they are right. Here in America, 
however, many use a shotgun as they would a mili¬ 
tary arm, letting it slide between their hands to the 
ground and allowing the butt to absorb the shock, 
regardless of the rocky nature of the ground. I 
will allow the reader to draw a picture of a stock 
without a heel plate in the hands of the average 
American shooter. 

The most suitable butt plates are those made in 
Germany and England. These we class as the shot¬ 
gun type of butt plate, made plain and with an 
elongated trap. To design and make the dies for 
a butt plate similar to the German type would cost 
a good deal, and I would advise purchasing these 
from the usual source of supply. 

Figure 82, Volume I, illustrates the various stand¬ 
ard forms of butt plates suitable for stocks. At times 
one can remodel a Springfield butt plate very satis¬ 
factorily, but they are rather short to have the out¬ 


lines of the stock perfect in every respect. One 
advantage of such a plate is that it is provided with 
a trap. Of course, the small round trap is not as 
desirable as the elongted trap which comes on the 
expensive German plates, but these military plates 
are very simple to work over and anyone can make 
such alterations with the most simple equipment. 
First, remove the trap and cut off the top projec¬ 
tion *4 i nc h from the face of the plate. Heat the 
toe and bend it out into a curve which will be just 
the reverse of the present inward bend. A slight 
curve can also be formed in this bend and along 
the sides, but care must be used not to touch the 
center and thus deform the trap opening. The 
curve is convex to the outer surface of the plate, 
which allows it to fit to the shoulder much better 
than the flat plate. Remove / 1G to %■> inch from 
each side, starting from the top and allowing the 
line to end before the bottom is reached. The 
%-inch projection is filed to a point similar to the 
standard plates and a screw hole drilled half-way 
between the trap opening and the top for a regu¬ 
lar wood screw. If it should be a plain plate it 
can be filc-checkered or matted and then case-hard¬ 
ened. Before this is done, however, the plate should 
be well polished. 

Satisfactory butt plates can be cast from bronze 
or aluminum. This type of plate is perfectly favor¬ 
able for the use of the target shooter who has defi¬ 
nite ideas of what a butt plate should be; alumi¬ 
num is the ideal material for such purposes, as it 
is better adapted to a target rifle. Bronze can be 
cast very thin and after being sand-blasted given 
any finish desired by referring to Chapter XVI. 
The first stage is to make a pattern of mahogany 
or wood of a similar nature. Work out the wood 
to the proper curves, length, and width, and coarse- 
checker the outer surface. These patterns are sent 
to tht foundry and cast in bronze, or if it is a spe¬ 
cial plate for a target arm, it should be cast in 
aluminum. After the castings are returned from 
the foundry the edges and under surface are filed 
smooth and flat. The checkered surface is scralch- 

brushed on a circular steel-wire wheel, and after the 

* 

screw holes are drilled and counterbored, the plate 
is sand-blasted and finished in any color desired. 
The natural sand-blasted appearance given a coat 
of lacquer is pleasing and deceives the eye. 

Chapter XXV, Volume I, contains information 
regarding pattern making and the requirements for 
patterns; from this, any kind of butt plate can be 
made for any rifle, and one may follow his own 
fancies as to design and shape. Aluminum cast¬ 
ings which come from the foundry can be given 
a high polish by using different buffing wheels with 
tripoli compound, etc. 
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Special steel butt plates can be made from Vi 6 - 
inch cold-drawn flat stock. These plates may 
be made to any width, length or contour, and very 
artistic designs can be milled on the surface. 
Chapter XIII, Volume I, explains, and Figure 82 
shows, a few designs. After setting-up in the miller 
and setting the vise at various angles, artistic check¬ 
ering can be done. The hand checkering of any 
large surface with a three-square needle file or 
graver is a very laborious undertaking- The most 
dependable and accurate method is on the milling 
machine, using a vertical attachment and an end 
mill and setting the head on a 45-degree angle. The 
sharp corners of the cutter will control the checker¬ 
ing made, and the graduations on the dial on either 
the cross feed or the transverse feed to the table will 
regulate the number of spaces to the inch. For an 
example: if twenty lines to the inch are desired 
(1 inch H-20 = 0.050 inch), the handle is turned 
each time 0.05 inch on the dial for a new cut. The 
depth is regulated by the sharpness of the diamonds 
formed; therefore, two or three lines must be cut 
first to find where the points come out to a sharp 
edge. When a border is desired on a plate cer¬ 
tain distances from the edge or to form diamonds or 
other forms around the screw holes, it must be 
chiseled or hand engraved first, particularly around 
the edges, and the end mill allowed to terminate at 
these lines. It is much better to allow the cutter 
to run off the sides of the plate than to form a bor¬ 
der, for there will be a good many run-overs with 
the cutter which are at times difficult to correct. 

The ’/i 6-inch cold-drawn sheet slock should be 
perfectly true and flat, and when cutting out the 
form it should be held flat, so that it is possible to 
have a true and even surface to mill out the dia¬ 
monds. After laying out the form and cutting out 
the plate, a perfectly square block is made a little 
wider and longer than the plate to clamp in the 
milling machine vise, and then the plate is sweated 
to the surface. First, tin one side of the butt plate 
and also one side of the block. Clamp the plate 
in position on a center line. The heat which the 
block contains will form a perfect union on the 
two turned surfaces. After this is cooled in water, 
it is ready to be clamped in the milling-machine 
vise for the checkering operation. 

It would be well to damp a piece of cold-drawn 
steel in the vise at first and make experimental de¬ 
signs. Since most milling-machine vises are grad¬ 
uated in degrees of angle, various angles can be 
used to see just where the vise can be placed to 
give a diamond as nearly perfect as the design will 
allow. After such trial pieces are made, it will be 
an easy matter to mill the checkering on the butt 
plate to the intended design. 


After the checkering operation is finished a cast- 
iron form is made to the proper contour, slightly 
rounded lengthwise. Make the form a trifle larger 
than the plate all around, and as cast-iron is easy 
to file, the form will be shaped very quickly. After 
this is finished, a female form about one inch thick 
is moulded from babbit metal. Take a thin piece 
of sheet iron and form a band around the entire 
form, allowing it to extend about one inch over the 
top surface of the form, and clamp this in position. 
Use clay or asbestos to chink the small opening so 
that none of the metal can run out. Warm it 
slightly, place it on a level plate, pour melted babbit 
in until it comes flush with the form, and allow to 
cool. 

The plate is now ready to be set into shape; an 
arbor press is employed for this. By placing the 
female form on the bottom plate of the press and 
the heel plate in the center uf the die, the male 
form is set on the plate in the center of the ram. 
Very little pressure is required to bring out the form 
that was anticipated without injuring the sharp 
diamonds. Before the plate is passed through this 
operation it would be well to drill the screw holes; 
it is much easier to do so at this moment than when 
the plate is formed. 

If a round or elongated trap is wanted in this 
butt plate, secure a Springfield or a German plate 
to study its construction and carry out your trap 
plates to their ideas, which are hard to improve 
upon. This will be more simple than an explana¬ 
tion which would require detailed drawings. After 
one of these plates is finished it should be case- 
hardened in colors, adding not only a rust-proofing 
agency but a pleasing color as well. (Refer to 
Chapter XVI.) 

The “free rifle’' type of butt plate is made of 
aluminum. A pattern is made to the desired form 
and shape; it is not necessary to follow any par¬ 
ticular design, and is better perhaps to use your 
own ideas in the development, of a plate which you 
have been anticipating to suit your requirements. 
When making your pattern remember the limita¬ 
tions of its moulding and that the pattern should be 
of a shape easy to draw from the sand. The rough 
casting as it comes from the foundry can be filed 
smooth or given a sand-blasted finish. Aluminum, 
as I understand, can be given a blue finish, but at 
this writing I do not have the information of just 
how this is done. 

Palm Rest — Along with the information given 
for a free rifle butt plate of aluminum, it is proper 
to suggest a palm rest for the same rifle; construc¬ 
tion is easy. The ball is a regular water-polo ball 
of solid cork, obtainable in sporting-goods stores. 
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An extra magazine floor plate should be secured to 
attach the palm rest, changing floor plates; this 
enables one to use the rifle with or without palm 
rest as desired. No special detailed drawing is re¬ 
quired to make up this rest. The parts may be 
made nf any metal desired. 

Rear-sight Bases — The mounting of leaf sights 
on military rifles should have special sight bases 
made in proportion to the leaf sights used. If only 
a single leaf is used, a band can be made encircling 
the barrel. If more than one leaf, a base made as 
Figure 104 illustrates should be employed. This 


ard. These sight bases have been used for years 
by the British rifle makers, but only of late have 
we employed them on our sporting military rifles 
using one or more leaf sights. Colonel Whelen and 
I expressed the desire for such a base; at that time 
we had developed bases similar to the British 
standard, but because of the high cost of applying 
these to rifles in this country, very few wanted 
them. Altho the expense is a little high, they are 
worth all that is asked for them. 

The most satisfactory way to construct such a 
base for a person who only wishes one is illustrated 
in Figure 104. First, bore out a piece of either 









Fig. 104 

Leal*ight bases 


base made in either style imparts a neat and grace¬ 
ful outline to the barrel. When an aperture sight 
is used, a leaf sight of some nature should be used, 
as for an emergency sight on a hunting rifle. 
Merely as a check on the alinemenl of the aperture 
sight, it will be decidedly useful if ever the latter 
is broken or thrown out of alinement. 

When a band is used this can be drilled and 
tapped to hold the forearm in position, but we 
must discard such ideas whenever possible. They 
sometimes serve their purpose on particular rifles, 
but today we look forward to graceful outlines, and 
these cannot be had with this type of base. The 
base shown in Figure 104 should be made a stand- 


2-inch round or 2 x 2-inch square stock, as Figure 
104 shows, to a length which will be in proportion 
to the leaf sight used. From this blank four bases 
can be made. Lay out the face of the blank and 
prick-punch the outlines made for the four bases. 
Bore the blank to the diameter and taper off the 
barrel in the desired location. After completing the 
lathe work, either shape or mill out the side section 
to the desired width. If placed in a milling ma¬ 
chine to do this, use a % slitting saw or straddle 
mill to remove these side sections of surplus stock. 
The milling operations can be brought up to the 
lines, leaving the file to remove the milling-cutter 
marks. After the sight bases are cut out, the ends 
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Fig. 105 

Sling swivels, swivel bases, and die for forming swivel bows 


are milled. The back end of the base is milled out 
with an end mill of about %-inch diameter. After 
the surplus stock is removed, a slight curvature is 
filed in this radius which removes the plainness of 
the straight cut. The top is milled off approxi¬ 
mately % inch over the estimated height of the 
finished base, and the front end is milled. Study 


Figure 49. which shows the solid ribs attached to 
the barrels. 

The separate bases can be milled similarly, or an 
end mill can be used to form the front which was 
used for the rear, making both ends the same. 
After the milling operation the base is spotted to 
the barrel, and the end and sides arc polished. Two 







SPECIAL GUN PARTS AND THEIR CONSTRUCTION 


263 


screw holes are drilled, one on each end, close to 
the location of intended dovetailed slot, and coun- 
terbored to take a 6 x 48 fillister-head screw. The 
counterbore should reach close to the bottom and 
have but a thin web for the head of the screw to 
pull the base in place. Having thus prepared the 
base to this point, sweat it to the barrel, and the 
two screws will pull it down into place. Only three 
or four threads need be tapped in the barrel to hold 
the base in position; with such preparation a 
sweated base held by two screws will never break 
loose. The surplus solder is removed from the 
sides of the base and barrel and then polished. 

The next stage of the operation is to set the bar¬ 
rel and action at right angles in the milling-machine 
vise; mill the top of the base to the desired height 
and also mill the dovetail slot and fit in the leaf- 
sight base. The milling of the dovetail slot is best 
performed with a vertical head or in a vertical 
miller. It can also be done in a shaper, but not as 
successfully as in the milling machine. The center 
of the dovetail slot must also be milled to a depth 
which will clear the working of the springs when 
the leaves of the sight are moved in position. The 
width should be y Ui inch wider than the springs. 
You have probably noticed that part of the screw 
heads have been milled off and that the leaf-sight 
base covers the screw heads completely as the front 
sight covers the screw that holds the ramp; there¬ 
fore, no indication will be visible to mar the appear¬ 
ance of the base. There have been various ways 
suggested to form rear-sight bases, but if the reader 
will follow this information and the illustrations, a 
most satisfactory sight base will be designed. 

Barrel Swivel Bases — Bases for the attach¬ 
ment of swivels on a rifle barrel ahead of the fore¬ 
arm are made in different shapes—some are good 
and others are just passable. Two designs of bar¬ 
rel swivel bases will be described which may be used 
as standards. Figure 105 (at the top) illustrates 
one of llie best and also the method in which it is 
produced from a piece of 1 x 1% inch cold-drawn 
or machinery steel. A straight hole is drilled and 
reamed in the center of the blank to the barrel size 
at the point of location, which is usually 2 inches 
ahead of the forearm tip. The usual length of these 
bases is l 1 /* inches, but since boring and milling 
are so simple, four can be produced from one blank, 
as the illustration shows. Before anything is done 
to the blank, one end is laid out and all cut-out 
lines prick-punched so that it is possible to cut up 
to lines with the milling cutter. A 1 Vi-inch end 
mill may be used for the entire operation. The 
blank is clamped in the milling machine vise and 
the surplus stock is removed on the ends and in the 


center to the desired depth. After one side is 
finished the blank is reversed and the operation re¬ 
peated. Next, the sides are milled for width. A 
sufficient web is left on one side to hold the blank 
in the vise and mill out the opposite side. With 
this web holding the bases in place, the one side is 
milled into the bored hole. The opposite side is 
cut out with a hack-saw and the sides are finished 
with the milling cutter by catching the top of the 
base in the vise. The bases are now separated, 
drilled, filed to form, fitted to the barrel and 
sweated into their proper locations. The bases 
shown in Figure 49 are the most artistic to use in 
barrel design. They eliminate the use of a band 
around the barrel; however, many prefer that de¬ 
sign of swivel base. 

Figures 106 and 107 illustrate a swivel band made 
from % x 1% x % inch cold-drawn or machinery 
steel. The center lines are laid out together with 
the width of the base, and prick-puncl>ed, making 
it possible to work to all lines on the lathe and 
milling machine in order to have the base come in 
the exact center when finished. Chuck the blank 
in the lathe and bore to a standard size, 1 inch 
ahead of where it is desired on the barrel. After 
being milled, the band is expanded with an expand¬ 
ing mandrel, as shown in Figure 106, together with 
a base, to the desired location. The milling of this 
band is done with a % or % 0 inch end mill, the 
band being held on an expanding arbor in the di¬ 
viding head. Figure 106 illustrates the arbor, which 
is used not only for this operation but for barrel 
bands as well. It is best to remove some of the 
surplus stock from the outside of the band so that 
the milling cutter does not do a lot of unnecessary 
removing of material. This is rather a slow opera¬ 
tion, for it is only possible to remove a small 
amount of material on each cut. The dividing head 
is set crosswise on the table, and the end mill used 
should be a spiral to eliminate undue chatter. The 
milling of the cylindrical portion of the band is done 
by revolving the indexing handle by hand the full 
cut or entire surface of the band, in contact at all 
times with the cutter. Very light cuts are removed 
until the thickness of band reaches !4:rinch wall 
thickness. 

The projection of the bottom of the base is also 
milled on the same set-up. except that a convex 
cutter is used in order to secure the correct form 
and height. The dividing head is now set length¬ 
wise on the table, and with a V 2 -»nch end mill both 
sides are milled to obtain the narrow center width 
shown in the illustration. Instead of having this 
narrow width come in the center, it can come 
straight on the back side with a full radius formed 
at the front. After the milling operations are per- 
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Barrel bands for quick-release swivels 


formed the band is expanded with the arbor to the 
desired location on the barrel. The hole is drilled, 
the hand filed, giving a high buffed polish, and 
sweated into place on the barrel. 

Barrel Bands — Barrel bands are a necessity on 
all target arms. A few years ago we had no con¬ 
ception of how essential a barrel was to fine ac¬ 
curacy; the finest barrels were often condemned, 
but very few ever fathomed what caused the poor 
results until the discovery of the forearm swivel 
fastening which was screwed into the barrel itself. 
Barrel studs are perfectly satisfactory for sporting 
arms where no pressure is drawn on the barrel in 
the act of firing, but a target rifle is so different 
that it is required. The most artistic and best are 
made from % x l x % inch cold-drawn or machin¬ 
ery steel similar to the barrel swivel bases, except 
that there is not so much work necessary to form 
the bottom as on the other. 


A barrel band must be bored out straight to a 
standard size; after being milled the band is 
stretched or expanded over the size in its proper 
location. Cold-drawn steel will not stand as much 
stretching as machinery steel; therefore, the latter 
is the most desirable of the two steels for this pur¬ 
pose. Figure 106 illustrates the manner in which a 
barrel band is started and finished. There is such 
a vast difference in diameters of rifle barrels that 
the dividing-head expanding arbor shown in Figure 
106 should be made to a standard size, such as 11 / 4 g 
or % inch, and then bushings, which are split, also 
made as illustrated; these are made in different 
sizes as needed to fit the odd-si/.ed bands, and the 
diameter on the end of the mandrel is made to a 
standard. A number of these bushings could be 
drilled and reamed to the diameter of the mandrel; 
then whenever they were needed they could be 
pressed on an arbor, turned to the bore diameter of 
the band, and split with a hack-saw. A little pow- 
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dered rosin dusted on the cylindrical surface of both 
the inside and outside of the bushing will hold the 
band in place better in the milling operation. 

The diameter of the end mill usually used for 
this operation is a %-inch spiral cut. The setting 
of the dividing head is done in the same manner 
as for the swivel band, and the same instructions 
are followed. After the milling operation is finished, 
the swivel hole is drilled and tapped. Three differ¬ 
ent sizes may be used for this: '/ fi , or *4 

inch. The ~/ rj x 26 inch or 32 thread is the best 
standard to use if you are making your own swivels. 
The band is expanded and fitted to the barrel, but 
since there is such a difference in barrel diameters, 
various-sized expanding arbors can be made with 
just a trifle more taper than on a barrel. Bottom 
steel blocks are drilled so that when a band is set 
over one of these holes it will have the full support 
of the cylindrical diameter. If a hole is too large 
and the band is caught on the base and top portion 
of the circle, it is stretched out of shape. It is well 
to remember that even machinery steel will stand 
just so much expansion and no more. The expand¬ 
ing operation is usually performed on an arhor 
press, the bottom base resting between or over one 
of the cut-out slots on the arbor-press base plate. 

Shelby tubing has been suggested for barrel 
bands, but since so much material has to be re¬ 
moved by machine, it does not pay to use it. The 
inside of any solid band must be bored and if time 
is saved on the lathe operation it is lost in the 
other two operations; besides, this material will not 
stand very much expansion; therefore, select the 
square machinery steel for barrel bands made in 
this manner. 

A simple method of making a barrel band, if the 
shop is not equipped with a milling machine or any 
other machine tools except a drill press, is to form 
a band from a piece of sheet steel, as illustrated in 
Figure 108. which shows a band made in two pieces, 
it being attached to a base block with two small 
rivets. The method of forming the band is clearly 
illustrated in Figure 108. A piece of square steel, 
of the same width as the proposed base of the band, 
is wired or taped to a mandrel. It should be the 
exact diameter of the barrel in the location where 
the finished band will be placed as shown in the 
cut; a U-bend is made in the sheet steel, and the 
piece then “straddled" over the mandrel and the 
vise set up tight. 

The base is made from a piece of r / t r> x % inch 
square cold-drawn steel. Two holes are drilled 
through the band and base. The rivets are cut off 
so they will project over each in the side, allowing 
enough to rivet over, completely filling the cham¬ 
fered drilled holes, forming a perfect union between 



Fig. 108 

Method of making a simple barrel band for any sporting 

rifle 


band and block. The use of rivets enables the band 
to be drawn very tight to the base. Screws can 
also be used for this operation; they make a very- 
solid band. The band is made from 0.025 inch to 
0.030 by % inch sheet spring steel, annealed, and 
it should be fitted to a barrel about \\ inch ahead 
of its intended location; then hammered or peened 
on the mandrel to a perfect fit after being assem¬ 
bled. After all operations are completed, it is filed, 
polished, buffed, and blued, before being placed on 
the barrel. This type of band answers in a number 
of places, but whenever machinery is available, a 
one-piece band is always much more favorable in 
appearance. 

A variation in the use of this band is with either 
the Springfield or Winchester swivel bases, as il¬ 
lustrated in Figure 108. The base block is made 
longer and is attached to the barrel band and the 
swivel; the latter is attached to the base block with 
two screws that arc drilled and tapped in each end. 
If desired, the swivel band may be removed from 
the base and detachable swivels used. Such an ar¬ 
rangement is really better for target rifles than the 
single screw, as the latter often loosens and turns 
sideways from the pull of the sling; this base is 
ahvays in line. 

Swivel Screws and Bows — The first stage of 
making the common sling swivels is to construct 
the swivel screws for the front and rear. The 
latter is made on the principle of a wood screw 
while the former is a standard machine screw; 
therefore, one is made to screw into w'ood and the 
other to screw into a tapped hole in a piece of 
metal such as a barrel band or barrel. Study the 
construction of swivel screws for the quick-detach¬ 
able swivels illustrated in Figure 105; they are made 
in the same manner, except that the heads are made 
1 inch in diameter and the holes are drilled with 
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a Xo. 25 drill. The quick-detachable swivels are 
made by the Winchester Repeating Arms Company 
and a firm in Germany, but only in %-inch widths, 
the standard for a carrying sling used for a sporting 
rifle. All such rifles should be equipped with this 
swivel, for many times a sportsman does not wish 
a sling attached and these are very simple to un¬ 
snap instantly. 

The making of swivel screws in either type can 
be done on a lathe, but if many arc needed, 
it becomes a production operation and is best per¬ 
formed on screw machines. Before beginning the 
operation of the butt swivel screw, the correct form 
must be considered for wood. Figure 105 shows the 
butt swivel and form of thread best adapter! for 
wood; the screw is constructed very' differently 
from any other form of screw used in wood work. 
(Study Chapter TI, Volume I, for the desired in¬ 
formation.) The usual leed of this screw is 14 per 
inch, but coarser threads are recommended. This 
form uf thread is rounded in the bottom with the 
top left sharp; therefore, the tool used to cut it is 
made 0.070 inch wide with a 0.035-inch radius on 
the end. This thread cuts its form into the wood 
and gives it considerable support in the threads; 
whereas, the other form of screw breaks or crum¬ 
bles the wood to such an extent that it often pulls 
out if much pressure is used. 

The forearm swivel screw is the United States 
standard form of thread; a standard die is used to 
cut it. The forming of the head of the screw is 
done in a milling machine with a form cutter, which 
is the best method when a large number are to be 
made. When only a few arc required they can be 
filed by hand or the head left round, which has a 
pleasing appearance; however, the formed head is 
usually preferred. When drilling the hole for the 
swivel bow it should be done in a drill jig in order 
to have the hole come in the center of the form. 
If only a few are made the hole is drilled first and 
the form filed to the center of the drilled hole. A 
%2 -inch hole is also drilled into the end to one-half 
its depth to keep the swivel how from working out. 
The end of the hole is slightly countersunk to give 
the small pin more support when it is riveted over. 

The making of swivel bows for the screws is very 
simple after the die, shown in Figure 105, is com¬ 
pleted. The size of rod ordinarily selected for a 
bow is either V# or % 4 inch. The correct length 
of rod is cut and laid between the solid gauges in 
the die, and the punch is brought down, pressing 
the rod in the die form; when it reaches the bot¬ 
tom the two ends are bent into the center web of 
the punch. This operation can best be done in an 
arbor press with the punch fastened to the ram and 
the die fastened to the plate. In the absence of an 


arbor press a steel block is made the same size as 
the bottom of the punch and used in the bench 
vise. 

If a large number are to be produced a cam die 
should be designed and constructed; however, quite 
a few can be made on an arbor press in a day's 
time. After the bows are formed in the die, one 
end is bent out just far enough to clear the head 
of the screw as it is assembled. The straight end 
is first inserted in the drilled hole and then the 
bent end is straightened in perfect alinement with 
the hole and the swivel screws set in the center of 
the bow. The %.»d nc li pin is driven into place and 
riveted over. The end is polished, and if it is well 
done the least sign of a pin is absent. After this 
operation the entire swivel may be blued by the 
niter process given in Chapter XVI or the case- 
hardening method contained in the same chapter. 

There are many methods of making sling swivels; 
altho the best have been described, sometimes a 
standard base or swivel band must answer for a 
quick job, or a substitute found. The Springfield 
or Krag offer a number of ways by using the bands 
and swivel bases. If a quick-detachable base is re¬ 
quired, the use of the butt swivel base will answer 
the purpose very well. Cut the swivel bow in two 
and pull the pieces out of the base. Enlarge the 
hole with a Xo. 25 drill. When the drill strikes 
the center pin in the base, be very careful to sec 
that it does not catch the drill and break it. 

These bases are of the proper width for quick- 
detachable swivels and this type of base also 
answers for the forearm swivel. If the base of this 
type is to be used for the forearm swivel, the barrel 
band should be of the wider type so that the fillis¬ 
ter-head machine screws would go through the 
forearm and into the barrel-band base. On a tar¬ 
get rifle with heavy beaver-tail forearm it is ad¬ 
visable to eliminate the band entirely, the swivel 
base being entirely attached with wood screws. 

In remodeling a military, obsolete, or standard 
factory arm, it is often desired to use the old out¬ 
side barrel band because it fits the barrel and the 
stock so perfectly. The forward swivel screw can 
be cut off and threaded to the shoulder which has 
been previously described, and after drilling and 
tapping the bottom of the band, the swivel should 
be screwed in very tightly with the swivel bow 
standing crosswise when the band is in place. The 
inside of the hole should be slightly countersunk 
and the small projection end of the screw riveted 
over. To do this, stand the head of the swivel and 
band on a block of lead to prevent its being marred, 
and use a small-ended drift punch for the riveting 
operation. The end, after being peened over, 
should be filed flush with the inside of the band. 
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Barrel Collars — When top hand guards are fully in the upper part of the band and brazed from 

fitted to remodeled military rifles a collar must be the inside. The piece is then filed to fit over the 

made next to the receiver to hold the hand guard barrel with just a neat clearance. Preparations 

in place. Figure 109 illustrates two collars used for such as these make a more satisfactory appearance 

this purpose. The forward barrel band is prepared than allowing the wood to show, 

to hold the guard in its forward position. This is In remodeling the Krag or any other military 
only done when making a full-length stock of the rifle which has much drop between the receiver and 



Fig. 109 

Barrel collars used in front of receivor and to hold wooden guards in position 


Mannlicher type with a top hand guard. There is barrel, it is often desirable to use a plain band, as 
very little call for hand guards, but it is well to illustrated in Figure 109, over the barrel placed 

know the methods used for them. These collars next to the receiver. Any of these may he made 

need not fit the barrel tightly, but should be made to rather a light fit and then blued. To set the 

so that they just slip over without undue play. The band in place, heat it just enough to expand the 

tenon of the hand guard wedges itself into the metal, slip it in place over the barrel and allow to 

recess of the collar and holds it firmly in place, cool. It is not necessary to heat it to a cherry-red; 

Collars should be turned very thin, and where the if the correct amount of metal has been left for this 

tenon of the guard fits, should only remain a thin operation, which should be about 0.002 inch smaller 

shell. The forward band is the standard Spring- than the barrel, moderate heat will expand it suf- 

field lower band; a piece of sheet steel is fitted care- ficiently to slip it into place. Naturally, a tight 
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band is the most desirable, but if it is a little loose 
on the barrel it can be closely inletted when it is 
being fitted into the stock and then it cannot move 
from its position. 

Telescope Mounts — Since these are rather 
difficult to make, it is much better to procure them 
from the manufacturer, unless you have ideas of 
your own which are better in all points of construc¬ 
tion. The simple mounts which we are all familiar 
with need no explanation such as those on the Ly¬ 
man and Fecker target telescopes. There is room 
for improvement on all these mounts and bases, 
particularly in the methods of fastening, but that 
is aside from what we are concerned with at present. 

Telescope mounts for sporting rifles have not 
undergone very great improvement. The German 
idea of fastening a telescope is very good indeed 
except for the windage adjustment, but now that 
it is possible to make adjustments in the telescope 
itself for windage, a better development of mounts 
on the German principle will be an accepted ad¬ 
vantage over some of the poor mounts before us 
today. 

Figure 110 illustrates one of the best mounts made 
in the United States from all angles of mechanical 
construction, even to the artistic outlines which are 
so gracefully blender) with the lines of the rifle and 
telesco|>e. I am rather opposed to a telescope on 
a hunting rifle where it is used on long hard trips, 
but in the territory adjacent to one’s home a tele¬ 
scope is an ideal sight. There are quite a numher 
of sportsmen who, because of defective vision, must 
turn to a telescope even on a long hunting trip; 
they must nurse their instruments, not only pro¬ 
tecting them from bad falls, but developing the 
necessary skill to keep them in adjustment even 
when the odds are against using them. 

The mounts illustrated are very positive and will 
never get out of order because of wear. The two 
locking screws are made large with the coin slot; 
the mount is split in the center of the dovetailed 


slot with a small slitting saw, and as it is slid over 
the male dovetail on the base and the two screws 
tightened, it makes a solid union which can never 
become loose when once locked tight. The wind¬ 
age adjustment consists of two coin-slotted screws 
bearing against a center projection which cannot be 
seen because the mount has a rear swivel pin and 
closely fitted rotary square T-bcarings. The one- 
screw telescope clamping band is an added feature, 
but some do not care for this as it is necessary to 
strip the telescope to place it in the mount. This 
is a poor excuse, however, for whenever it is pos¬ 
sible to eliminate any unsightly projection or un¬ 
necessary screws it should be done—it is good 
engineering practise. 

The mount is instantly detached by loosening the 
two screws and sliding the mount off the dovetail 
base, and since the base on the receiver is small it 
is not objectionable. As can be seen from the il¬ 
lustration, the telescope is mounted directly over 
the center of the receiver. Figure 111 illustrates a 
mount of this description. In the construction of a 
telescope mount, all these features should be taken 
into consideration to make the mountings a success. 
Those who are determined to design and construct 
their own mountings for telescopes should consult 
all makes of mounts and telescopes and avoid those 
which arc just mediocre. Try to surpass all other 
designs and produce a mount which will stand the 
heaviest of recoils—a resistance not possible with 
some mounts now on the market. 

Telescope Blocks — Figure 112 illustrates three 
different blocks; the standard factory block, offset 
mounts, and a special mount which can be used for 
different centers such as 6, 7.2, and 8.2 inches. 
Such a solid block is perfectly satisfactory on a 
target rifle for those who wish a long base to obtain 
the various distances, or to vary the eye relief. 

The construction of telescope bases is performed 
on a milling machine. After the blanks are milled 
to the desired width and height the radius is milled 



Fig. Ill 

Remodeled Springfield Model 1903 designed for Mr. Earl BenninghoH. Full sighting oquipment 
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as near to the barrel as possible. The next stage 
of the operation is to mill the angles on the sides 
so that the mount can just slip into the dovetail 
slot. Instead of milling one of these at a time, a 
6-inch blank is milled, the first operation being to 
mill the male dovetail slots the full length. This 
may be done in two ways, with a vertical attach¬ 
ment or with angle cutters on the arbor. By this 
method, however, it is necessary to remove the 
blank from the vise and reverse it; whereas with 
the vertical head it is not necessary to remove the 
blank from the vise at all. When constructing the 
full-length base it is much better to use the vertical 
head so that it is possible to keep the angular slot 
the same width the full length of the blank. The 
long blank to be used for the individual bases 
should be cut to the desired length and the radius 
cut separately on each block and also cut on a 
slight taper the same as the barrel. A small piece 
of paper is usually placed under one end as it is 
clamped in the vise, except where very sharp tapers 
are encountered. End mills are usually employed 
to mill the radius on the under side of the blocks 
by clamping the blanks to the edge of the vise; the 
end mill is fed lengthwise to the cutter by the cross 
feed. The separate blocks should be exactly the 
same height; therefore, the rear block is milled first, 
the front block machine to correspond to the latter. 
A straight-edge is laid over the top of the rear base, 
and by measuring down to the barrel at the point 
where the base is located, this distance will be 
given. 

The illustration of the full-length telescope 
mounts is very simple. The reader can construct 
one of these by the explanation given for individual 
bases, but he must remember that an oil-hardened 
steel is best to use in their construction. 

The offset bases are milled from a solid blank 
of cold-drawn steel; both bases are made in one 


piece and then separated after machining operations 
are completed. The distance between the male and 
female blocks is governed by the individual require¬ 
ments, but the usual distance is % inch. 

It is best to make telescope blocks such as those 
illustrated a little longer than the factory product. 
Provisions are made for well-rounded ends which 
are filed after all machine operations are completed. 
The width is also left a little wider so that a good 
support is had upon the barrel or receiver; the 
bases below the dovetailed portion should be given 
a slightly rounded surface. Filing demonstrates the 
forethought used to make a block look as tho it 
were not a factory product. The holes are drilled 
in the exact center; the distance is given on the 
telescope block drill jig illustrated in Chapter 
XVII, Volume I. Standard fine-threaded fillistcr- 
head screws arc used; therefore, the counterbored 
and drilled clearance hole should just fit the screws. 
The standard screws for mounting telescope blocks 
are 6 x 48 with rather large heads. 

The offset bases and the short blocks are usually 
case-hardened. (Refer to Chapter XVT.) The 
cyanid bath is employed for this. The full-length 
base is made from an oil-hardened steel and holds 
its shape in the hardening and tempering opera¬ 
tions. The block is given the usual heat and hard¬ 
ened in oil, and the temper drawn in a nitrate bath 
is set at 650 degrees Fahrenheit, which produces a 
perfect temper and a perfect blue. 

The mounting of the bases on a rifle should be 
done with the drill jig, illustrated in Chapter 
XVII, Volume I—one of the most reliable methods 
for all types of rifles. The mounting of telescope 
blocks to rifles that can be set upon parallels on 
the under surface of a receiver is easy, but when it 
comes to cheaper arms without a flat under surface 
or a side which can be squared, it often happens 
that blocks placed thereon are on one side after the 
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arm is assembled. With the drill jig, however, per¬ 
fect alinement can be had with the ritle assembled 
in the stock and the jig clamped in place. For this 
reason, such a jig should be employed if a number 
of telescope blocks are to be mounted on rifles in 
the course of time. 

Shields and Ovals — The construction of 
shields or ovals calls for a blanking and forming 
die; the metal used is gold or silver. With gold, 
nine carat is the usual hardness required, as pure 
gold is too soft. Their principal purpose is for a 
monogram, and they should be artistically formed. 
Figure 95 illustrates a number of these in Chapter 
XIII, Volume I; choose the one which appeals to 
you most. 

Shields or ovals may be filed out by hand when 
only a few are required. A templet is made first 
and laid out very accurately upon a piece of sheet 
brass. Tf the form is pleasing, lay it on a % 2 -inch 
sheet of gold or silver, cut it out and form it to 
the contour of the stock in the desired location, 
which is usually on the under side of the butt stock 
between the pistol-grip cap and toe of the butt 
plate. After it is formed, two copper tacks are 
soldered to the under surface close to the top and 
bottom ends. 

When you have cut out a templet which is ex¬ 
ceptionally pleasing in design, it would pay to make 
a blanking and forming die to reproduce it for your 
own use, thus perhaps creating a demand for this 
attractive monogram plate. 

Gun Slings—We shall be obliged to vary our 
work from metal to leather for the leather sling. 
The military gun sling Model 1907 is one uf the 
best, to use on a target rifle, and all gun slings 
should be remodeled from this type of sling. 
There are a number of different makes on the mar¬ 


ket: some are very good and others are made of 
poor leather. If it is not possible to combine all 
the principles of the government sling in various 
widths, a sling of simple construction, the Whelen 
sling, can be made. This sling consists of one piece 
of % latago leather, 60 to 72 inches in length. 
Two holes are punched opposite each other along 
its entire length, 1% to 2 inches apart. It is laced 
together with leather thongs, or with hooks made 
as Figure 113 shows, one at the bottom and one at 



Fig. 113 

Die-slamping of a Whelen gun-sling hook 


the top. It is used for carrying purposes, but can 
also be used to steady the hold for offhand shoot¬ 
ing. Slings are very reasonable and it hardly pays 
to make them unless one wishes something different 
and is willing to spend time making them. 

There are probably a great number of simple 
parts which I have failed to mention in this chapter, 
but the general outline of special parts will enable 
you to make others. I have omitted sights of 
special construction, carrying cases, loading tools, 
etc., because special chapters are devoted to some 
of these subjects. At times the construction of 
special parts taxes the ingenuity of the mechanic¬ 
ally inclined person as well as the amateur; but 
after all, each one turns out something which is 
just a little different and creates greater possibilities 
for something better than we have had. 



Fig. 114 

The Carney gun sling. The sling that meets the needs of the target shooter or hunier 
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Manufacture of Gun Sights 


T HE designing and constructing of new sights 
requires a considerable amount of tool and die 
making practise, as well as a knowledge of the 
principles of optical engineering. When all these 
interpretations of designs arc understood, the study 
of ballistics is essential, and the understanding of 
various other controlling factors. Many ingenious, 
mechanically trained men do not have the courage 
to construct sights without anticipating some mer¬ 
cenary returns for their efforts, and the only way 
this can be accomplished, when one has something 
better than the standard factory sight, is to build 
these in his own shop. However, when one must 
compete with large and well-established businesses 
in such lines, one must have capital as well as a 
large variety of salable items. 

Putting aside the values in dollars and cents, 
design sights for your own particular needs and 
ideas; they may not be new, but you can find end¬ 
less pleasure in realizing your ideas, providing you 
have the necessary tool equipment. After you have 
looked through a number of catalogs of sights, you 
will see such an endless variety, from simple open 
sights to the most complex aperture forms, that you 
may become discouraged. You may think there 
is no room for improvement. Never hold such 
thoughts. They are like an old book I once picked 
up, written by a noted London surgeon in the year 
1802; in it he described the various instruments 
used in his profession at that time, saying: “There 
can be no further improvement in the instruments 
shown.” (They appeared to represent butchers' 
knives and saws.) If only it were possible for him 
to return to earth today and see what has been at¬ 
tained in the medical profession alone, he would 
be amazed. 

The same carries true today, for many think 
there can never be further improvement on what 
we have. Eliminate such thoughts from your mind 
and look upon all that is before us as mere toys, 
for the evolution of mechanical development is so 
great that it is impossible to foretell the future. 

Tn designing the various types of sights it is de¬ 
sirable to bear in mind one of the properties of the 
human eye, since it is only by so doing that the 
principles underlying the various types of sights 
can be fully appreciated. The human eye, like the 


photographic camera which is exactly similar in 
principle, is unable to focus simultaneously on ob¬ 
jects at different distances from it. From this it 
follows that in alining two or more objects, such as 
the open sights about to be described, only one of 
them can, at any given moment, appear perfectly 
defined. In tracing the design of rifle sights from 
the simpler to the more complicated, it will be 
found, however, that the attention of inventors has 
been directed first to bringing all objects which 
have to be seen into as nearly as possible the same 
focus, and second, to magnifying the image or ob¬ 
ject so as to make it more readily visible and in¬ 
crease accuracy of aim, whether at the target or in 
the hunting field. 

The only way the active, mechanically trained 
person can aid the development of sights is to ust* 
the present manufactured designs, discover the 
lacking principles and faulty construction, and then 
improve upon these deficiencies. 

During my years as a maker of special sights I 
liave learned that various persons require a con¬ 
siderable degree of exactitude in order to acquire 
accuracy in their aiming, while others can take any 
sight, whether open or aperture, and obtain good 
results. Yet there is always a certain amount of 
error that they cannot understand, especially in the 
use of open sights. We often hear of ridiculous 
designs, but from just such things a new idea is 
born which may supersede all expectations. 

Look at the long-range target shooter; there has 
been no improvement in the standard aperture sight 
for him. The elevation and windage adjustments 
are not satisfactory by any means. There should 
be designed a means for quickly figured estimation 
of windage for any velocity rather than for figuring 
out the number of clicks on a knurled nut. A spe¬ 
cial quadrant could be designed which is positive 
for either right or left windage, and so marked for 
any given distance and for any wind which may 
be blowing from five to forty miles an hour. This 
could be graduated on the quadrant, which is quick 
and positive, without the shooter figuring this all 
out on the firing line. This is only a suggestion, 
but it has to do with an improvement that is badly 
needed. 

Sights should be constructed for the different 
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purposes intended for a hunting arm. They should 
he made simple with as rigid a design as possible 
within keeping of the design of the rifle. For 
target work they can be rigid, but with many com¬ 
plications to suit various conditions found on the 
rifle range. It will be necessary for a great many 
sportsmen, knowing the special designs they may 
wish, even tho they are mechanically trained to 
select the standard factory sights. In our first part 
we shall select the open sights for construction, but 
it will be found necessary to refer to Chapter 
XVII, Volume I, for certain connective links. 

Rear Open Sights — The making of a good leaf 
sight as shown in No. 1, Figure 115, requires special 
form cutters as well as special milling-machine fix¬ 
tures, but once the tools are made it is a very sim¬ 
ple matter to turn these out with 1, 2, 3, or 4 leaves. 
The base is first milled from a piece of cold-drawn 
steel, with a width selected for twelve bases at 
once, by allowing the formed milling cutter to mill 
out the leaf-sight center. After this is milled for 
the desired number of leaves, it is sawed off to 
width in the milling machine with a slitting saw. 
The bases are now clamped in the vise or a fixture 
and the dovetailed spring pockets milled trans¬ 
versely. 

Having completed this part of the milling opera¬ 
tion, the small holes are drilled to hold the leaf in 
position. A No. 60 drill is used, so care must be 
exercised in the pressure applied in feeding through 
the stock. Of course you have a drill jig to hold 
the base; have it set at right angles; the drill must 
be kept very sharp and the point well lubricated 
with hard oil. Another drill jig is used to remove 
the center of the formed section and this is filed out 
to a square gauge and the leaves fitted. 

Next in order comes the form milling of the 
leaves. These can also be milled in the strip so that 
it is possible to secure twelve leaves. The strip of 
material selected is first sweated to an iron or steel 
block; this is clamped into the milling machine vise 
and the form cutter allowed to run the full length. 
This operation not only mills the leaf to the re¬ 
quired thickness but to the required form at the 
bottom. The pieces are now taken off the block 
and the solder removed; then they are cut to the 
proper width with a slitting saw in the milling ma¬ 
chine. (For such small work as this a bench mill¬ 
ing machine is best.) Having cut these off, the 
next operation is to mill them down to the slot 
width, which is done in a jig on the drill press, the 
lig being so constructed that it can be reversed and 
the opposite side milled before removing from the 
jig. A special end cutter is made so the correct 
radius is formed that has been milled in the base, 


and when the leaf is raised or lowered it will rise 
around this part. The leaves are now fitted into 
the slots and drilled in position. 

The next stage of the operation is to make the 
small flat springs that the slots were milled for. 
Because the springs arc of different lengths and 
have a slight angle in them, it is best to fit these 
all in at one time and then set in the leaves. Be¬ 
fore the leaves are set in position a small radius is 
filed on the overhanging ends; this is best done 
with a hardened form by setting it against the leaf 
and filing close to the block. A small parallel clamp 
is used to hold it in position while the ends arc 
being formed. No. 60 drill rod is cut to length and 
the leaves assembled in the base. This is not a 
complete description of the manufacturing of a 
folding leaf sight, but with such information and 
with a sample before him the student can construct 
one. The main question is the correct form of 
sight to use rather than the manufacturing prin¬ 
ciples involved. 

In selecting an open sight it will be well to choose 
A in Figure 116, a plain flat bar possessing no notch. 
This is one of the best rear sights constructed on 
the theory that the eye naturally finds its center, 
particularly when a fine platinum line is placed Vi« 
inch from the top, or to the top, extending to the 
bottom, or an ivory inlay formed in the shape of a 
pyramid and the point coming to the top as in B. 
It is surprizing how accurately shots can be placed 
with a sight like this. Without the lines, the most 
minute error that the eye might make would vary 
greatly on the horizontal, but the vertical would 
always be perfect, for you can estimate very clearly 
just how much front sight you are holding over the 
bar. The platinum or ivory lines, together with the 
proper distance from the eye, wilf give very clear 
definitions of the bar and lines. Such arrangements 
permit exact centering of the front-sight, blade by 
the eye and at the same time have the wonderful 
advantage of cutting off the exact amount from the 
top of the front sight on the object, making exact 
horizontal shots. This is easily done with such a 
rear-sight bar; the front sight may be cut coarse or 
fine with great accuracy and extreme clearness of 
vision on the object aimed at. Sights made on this 
design are a great aid in open country when aiming 
at running animals. For wilderness work it is bet¬ 
ter to have a very shallow V as in C with a platinum 
line running into the V. A U-notch as in M is 
better than the V; this type of cut-out will not con¬ 
fine you in locating the center of the bar and the 
front sight upon the object. The small U allows 
the front sight to come flush with the top, permit¬ 
ting the full view of your quarry; with this held in 
the notch the horizontal is always perfect. 
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Fig. 116 

Front and rear sights. Method of holding on target or object 


The same sellings are equalized with D and a 
square front sight, but still a number of men will 
prefer G, which has the small U. Such a choice 
can only be determined by experience. A leaf made 
like E is only used on double heavy express rifles 
for large and dangerous game, as a sight of this 
design is quick and positive on charging animals 
but not so satisfactory on a sporting bolt-action 
rifle. 

The correct position of holding an open sight 


on the target is rather confusing to some men. 
Figure 116 illustrates the correct position of holding. 
It is a temptation to go into a long discussion of 
this subject, but I shall only treat it briefly. The 
main object is to draw the front sight down into 
the notch, and allow the top of the front sight to 
come flush with the top of the bar or open sight. 
If it is a flat bar devoid of a notch, the front sight 
must show over it 0.010 inch. For normal shoot¬ 
ing at 100 yards, hold this position and swing the 
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rifle from left to right or right to left. Always hold 
the horizontal as shown in the illustration. If you 
hold only the vertical with an up-and-down move¬ 
ment, the shots are sure to be scattered over the 
target. Hold at six o’clock on the horizontal posi¬ 
tion and fire the instant the sight cuts the black 
and white of the bull’s-eye, and the groups will find 
a perfect center. All hunting arms are sighted in 
at the point of aim. 

In the same drawing two targets are shown, and 
the position of holding the sights at the time of 
firing; the front sight is in the two extreme posi¬ 
tions in the notches. With a deep notch as in F, 
Figure 116, the bead must be drawn well down, but 
when the notch is rather shallow the bead should 
come flush with the top of the bar, except on the 
wide and shallow bars, for then the bead must show 
in the center. 

Figure 117 illustrates three different styles of tar- 


in the correct position each time, except on long- 
range shots; then you must estimate the distance 
and proper amount of bead to take. When a com¬ 
bination is made with a flat open sight and a 
straight front sight, it will permit very accurate 
cutting-off of the correct amount of front sight if 
one knows his rifle. 

The making of the sights shown in Figure 116 re¬ 
quires rather extensive toolmaking experience, so I 
would advise the novice to purchase the completed 
but unfinished sights and file out the notches. They 
also come with platinum lines; a fine line is milled 
in the center; to hammer in the platinum wire re¬ 
quires a small bench miller and small slitting saws. 
The ivory lines are made in two ways if you use 
pure ivory. For the first, a small hole is drilled 
into the center of the sight so that the hole breaks 
out along the edge of the face. A piece of ivory is 
turned on a bench lathe, driven into the drilled hole, 



Fig. 117 

Design suggestions for targets 



gets used for testing or sighting-in purposes when 
setting on new sights or for targeting rifles. A has 
the under side of the circle cut off straight across 
and is one of the best targets to use for either open 
or aperture sights. B is the inverted T which is 
very good for off-hand work, while C is the cross 
inside the black circle. This form of target will 
always keep the bead well centered and at the same 
time give good practise in getting the shots off 
quickly in offhand work. 

These targets can be made very easily by cutting 
a stencil out of the center of one of the cardboards 
or heavy paper. Different sizes have been given 
su you can select the one most suitable for your 
requirements. I generally use the 4-inch size for 
100 yards and 6-inch for 200 yards. 

After choosing the right open sight, the next im¬ 
portant consideration is the ranges—and knowing 
how to hold the bead in the rear notch. A coarser 
bead will give you a high shot and a fine bead a 
low shot. It will be well for the beginner to prac¬ 
tise these holds so that he can have the bead come 


and the face is filed off, exposing a clear white line. 
This operation requires time and patience, but 
when completed makes a perfect white line which 
has no equal. The second method, used for either 
the white line or the pyramid, is to mill out the line 
with an end mill and fill the slot with white lac¬ 
quer. The pyramid is inserted the same as B is 
laid out; first it is milled out half-way through the 
leaf with a very small end mill and then a punch 
is made of the same shape and driven into the 
milled outer section to remove the corners. The 
impressions made with this broach in the corners 
are then chipped out with very fine chisels, made 
from small worn needle files. After the corners are 
finished clearly and distinctly, the impression is 
filled in with white lacquer. Before the lacquer is 
placed in this insertion, take a fine chisel and chip 
up little burrs on the bottom so that the lacquer 
will adhere and never come out from recoil. The 
same must be done with the straight line milled for 
the center. After the lacquer becomes dry and 
hard, it is filed off and polished with very fine No. 
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7/0 sandpaper; the white will appear clear and 
distinct. 

Aperture Sight — As the name implies, this is 
a rear sight consisting essentially of a small or large 
circular aperLure through which aim is taken. Any 
rear sight of this nature is best situated just in 
front of the eye—as near it, in fact, as is con¬ 
sistent with the caliber of the arm, its safety and 
recoil. When aim is taken, no attempt is made to 
focus the edge of the aperture, but since it is cir¬ 
cular, it is very easy to put the front sight and 
object sufficiently near the center. Any error in¬ 
volved will be negligible. Since the nearest object 
which needs to be focused is the front sight, it fol¬ 
lows that the lack of definition is much less than 
when using the open design of sights. This lack of 
definition is further reduced by what is known as 
the orthoptic effect of the rear aperture. This acts 
by blotting out the more peripheral of the rays 
which would otherwise pass into the eye so that 
ithe blurring of any object out of focus is reduced. 
This principle is exactly similar to that of reducing 
the lens of a camera in order to obtain what is 
known as depth of focus, i.c., reasonably good 
simultaneous definition of objects at various dis¬ 
tances. The orthoptic effect of the aperture is 
similar to that of the pupil of the eye and is of 
greater relative benefit to the man who normally 
has a large pupil and very little pigment in the eye. 
The optical advantages of aperture sights are par¬ 
ticularly marked in the case of elderly men who 
may find shooting with open sights more or less 
difficult. Age results in very little diminuation in 
the desired accuracy of the aim when aperture 
sights are employed. The size of the aperture is of 
the greatest importance; too small an aperture un¬ 
duly reduces the light and makes the object difficult 
to distinguish; too large an aperture reduces the 
orthoptic effect and makes centering of the front 
sight and object more difficult. No one size can be 
established as a standard for all individuals under 
any circumstances. Some arrangement for changing 
the size of the aperture would be theoretically de¬ 
sirable. The average size for shooting is 0.0625 
(Vic inch). For shooting in the field / l} inch at 
least is required. 

It will be evident that the aperture sight permits 
of much more accurate aim being taken than does 
the open sight. It has, indeed, one disadvantage; 
it is more difficult to find the object quickly when 
aiming; tho if the exact position of the object or 
target is known (as when firing at a known target) 
it is possible to aim more quickly than with open 
sights. This defect of the aperture sight is due to 
the blotting out of a part of the field of view by the 


circular disc or the turret in which it i3 held. The 
closer the aperture is to the eye, the larger is 
the field of view, and hence the less noticeable is 
such a defect. The better modern aperture rear 
sights are made adjustable vertically by means of 
a screw with a knurled head. Clicks are provided 
by means of a spring and plunger, engaging depres¬ 
sions on the under side of the head. A similar 
lateral adjustment is also provided for windage. 

Improvements are made on all styles of aperture 
sights year by year, but there is still room for more, 
not only on hunting rifles, but on modern target 
arms. Vernier scales can be provided to give the 
approximate degree a sight should be set for differ¬ 
ent velocities of wind to read the correct amount of 
movement required. Another scale graduated in 
terms of range could easily be worked out, but 
these are experimental factors, and the various 
types of ammunition involved must be considered. 

Open Sight — This is the type used on most 
military arms as well as sporting rifies of various 
calibers. As is well known, it consists of a front 
sight near the muzzle of the rifle, and a rear sight 
the essential part of which is, as a rule, a notch of 
some special shape, a U, V, or square notch. The 
front sight generally has some bold upstanding 
blade which can easily be seen against the object. 
Various shapes of rear and front sights have been 
tried with the object of securing their more accurate 
alinement with one another, but it has been ail end¬ 
less experiment. No shape seems to have any spe¬ 
cial advantage, and certainly none can give any¬ 
thing approaching perfect alinement owing to the 
impossibility of focusing more than one of the 
three objects, one of which, the rear sight, is nat¬ 
urally near the eyes. The position of the rear sight 
is of the greatest importance. If it is too near the 
eye errors of alinement from lack of definition will 
be increased. On the contrary, the effect on the 
aim of a given error of alinement between the front 
sight and rear sight is increased in inverse propor¬ 
tion to the sight radius, or the distance between the 
front and rear sight. This must not be unduly de¬ 
creased by moving the rear sight too far from the 
eye. The proper distance for those with normal 
eyesight is to have the rear sight about 15 inches 
from the eye. Possibly a greater distance may be 
an advantage for those who have advanced in age. 

Front Sights — The sights used on the fore-end 
of a rifle barrel are made in a variety of shapes, but 
for general purposes the one object is to have a 
piece of thin steel as a blade or an aperture in order 
to place the shots accurately upon an object. 

For practicability the sights illustrated in Figure 
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116 are of good substantial construction; these often 
cannot be purchased. From the number of designs 
shown, you can make up any combination you wish. 
As an instance, No. 5 can be made round on top 
instead of flat, and the same idea of inserting gold 
at the tip can be applied to either No. 3, 2, or 6. 
The most essential points to consider in construct¬ 
ing front sights are strength, shape, and clear 
definition. Accordingly, tool or alloy steel should 
be used to give these the strength required. Front 
sights made of cold-drawn steel are apt to bend 
from the slightest fall or tap, and at times even 
break off. Front sights should be securely fastened 
to either the barrel or sight bases by various means 
—dovetailed slots, pins, or suitable screws, the lat¬ 
ter being the most practical method. The sights 
illustrated in Figure 116 are to be placed in a milled 
slot so that when other bases are in evidence on 
specially made arms which require a dovetailed base 
these can be made accordingly. 

Make the sight shown in Xo. 5, Figure 116, of 
steel; insert the gold in the slot and drilled hole, 
and hammer it in. First, drill a hole inch in 
diameter on a 45-degree angle from the corner of 
the square seat. The hole to be centered should be 
about %2 inch down from the corner on the angle; 
countersink this hole on both sides. With a jew¬ 
eler’s hack-saw, the blade measuring between .020 
and .025 inch, saw from the corner on the angle 
into the hole. File an angle on both sides of the 
saw r slot so that the gold will have an anchorage 
when hammered in. To file this angle, use a tine 
knife-edge needle file. Use %-j-inch gold wire be¬ 
tween 16 and 22 carat, and flatten the end so that 
it will just drive into the slot. If it is impossible 
to purchase gold wire of this diameter, have your 
dentist cast an ingot of gold this size and about 1 
inch in length, enough for a number of insertions. 

Before hammering the gold in place, drill a small 
hole into the center of the blade from the top just 
so a part of the drilled hole will break through, the 
depth to be about down to the corner of the saw 
slot. This also gives a better support to the gold 
after it is hammered into place. Drive the ham¬ 
mered gold into the slot and cut it off just long 
enough so that a good heavy bead will be formed. 
Hammer the gold into the saw slot from both sides; 
first on one side and then on the other. The blade 
must be reversed often and a good hardened piece 
of steel should be fastened in the vise. With the 
end piece which forms the bead, hammer this down 
well into the small drilled hole in the face. To do 
so, the blade should be held in a small vise or be¬ 
tween lead jaws in the bench vise. File all the 
surplus gold from the sides and file the bead to any- 
desired shape. You may either file a radius on the 


top, making the gold and steel round, or even 
square; file it to any desired width or diameter 
which suits your requirements best. Leave the 
point square and flat, and then polish with fine 
emery cloth. Remember that a dull appearance on 
the gold will not reflect light as much as if the 
surface is given a high luster or is polished with 
rouge. 

To convert this perfect gold-bead front sight into 
an ivory bead, all that is necessary is to coat the 
surface of the face with white lacquer which can 
be applied with a common toothpick. A small vial 
should be carried in the recess of the butt stock 
under the butt plate, and when yon find it neces¬ 
sary to convert the gold bead, the toothpick should 
be dipped into the lacquer and just a drop placed 
on the face. This produces a perfect while front 
sight, for it dries a few minutes after application. 
Then, if you wish to change back to the gold bead, 
all that is necessary is to remove the hard white 
substance with a penknife. Thus you have two 
sights in one; it is never necessary to remove the 
sight after it is once set in place. 

The removal of sights in the field or at camp 
often ends rather disastrously, because of losing 
the pins or screws by which the sights are held in 
place. If held in place by screws, it very often 
happens that they are rusted and it is impossible to 
remove them. In many instances you do not have 
the proper screw-driver to remove them. If pins 
are used, you do not have the right size of drift 
punches, and besides you never possess the proper 
facilities to hold the rifle barrel to make such 
changes. But with the white lacquer in your kit 
the change can be instantaneous and you have an 
ivory bead which can never be broken as in the use 
of real ivory. 

Next to the gold-bead sight is No. 1, or 2, used 
for a hunting rifle. This is the straight square steel 
blade known as the marine type of front sight with 
flat top. These are made in various widths up to 
% inch, as No. 4 shows, which is the revolver type 
of front sight. 1 never make No. 1 any wider than 
0.090 for hunting purposes, as this is the extreme 
width. No. 2 is the tapered front sight made when 
one wishes a bead of inch and is the type I 
often recommend, because of the fact that it is im¬ 
possible to make a small bead and have strength 
in the blade. By tapering it to a sharp point, the 
rest of the blade is well supported and will never 
be bent by hitting it against an object, This front 
sight is very satisfactory to use in connection with 
an aperture sight, but when used with an open sight 
in bad lights it is rather hard to pick up. 

Many men design a sight as in No. 3 with a 
square top. This sight is rather difficult to make 
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and more difficult to keep straight because of the 
frail support it has. The center must be milled out 
so that the thickness will be no greater than .020 
inch in order to get the correct effect of the square 
bar. When greater widths than 0.060 inch are 
made it is possible to increase the web thickness, 
making the sight more substantial. No. 6 is a sight 
similar to No. 3, except that it has the round body 
held only by a thin web; however, you will be flirt¬ 
ing with the same trouble pointed out on No. 3. 
Many factory sights are constructed like No. 6, 
except that they have the full support of a substan¬ 
tial web and not the overhanging round circle, but 
are made similar to No. 5 with the support to the 
bead. Some manufacturers continue to make the 
round-pointed gold bead together with the top of 
the round steel which is gold plated. These sights 
have been discussed before, from a different angle. 

No. 4 in Figure 116 is the hawk-bill sight which 
is the most practical for target revolvers, because 
of the clear distinct definition it gives on an indoor 
target. When used on a rifle, great care must be 
used in handling, for a sight of this kind will cut or 
tear the flesh very badly if the barrel is allowed to 
slip through the hands from force of habit. 

Nos. 7 and 8 in Figure 116 are the aperture front 
sights for target purposes. No. 7 has the two diam¬ 
eter holes, the front one being the largest to allow 
an optical effect in the smaller hole. The front 
hole is tapered by using a taper-pin reamer which 
gives a very clear and distinct outer ring. Various 
sizes can be made to suit different conditions of 
eyesight and at the same time give the proper clear¬ 
ance between black and white on the target. The 
rear face may be bell-mouthed, as this gives a better 
effect to the front aperture. It is not advisable to 
use a bright enamel or lacquer on these two rear 
faces of the aperture, but to have a jet-black enamel 
baked on, if this substance has been agreed upon 
to blacken the sight with. 

No. 8 has the aperture and post integral with the 
base. The post may be filed to any width desired 
for various requirements. The aperture produces a 
shaded effect on the post and even in brilliant light 
the post will appear well defined against the target. 
This sight is a wonderful help to those with failing 
eyesight or to those who at times find the front 
sight fading out. It is also a great aid on a target 
rifle used for long-range work. 

An ordinary globe sight with interchangeable disc 
and post has a straight tunnel effect. Such sights 
are very good and meet with the approval of many 
target shooters; however, they are made upon the 
wrong principle. In designing this type of sight 
there must be an optical effect to break lights in 
any direction they may be coming from, and the 


post must be clear, even tho the sun is shining 
toward the shooter. This sight is only a simple im¬ 
provement over the old Winchester spirit-level sight 
that we see on some of their old single-shot rifles. 
Some of the finest work was done with this sight in 
many of the Schiitzen matches over thirty years 
ago. The improved aperture front sight will be 
discussed later. 

No. 9 in Figure 116 is a standard factory sight 
fitted low in a Springfield front-sight movable stud 
when using open sights or a low aperture of special 
construction. By mounting this sight low in the 
stud, there is very little danger of bending it in a 
bad fall or any other way. When setting it in low, 
it is necessary to cut off the bottom and drill a new 
hole for this pin or screw if one is used. 

If a front sight is to be changed very often, no 
matter what make of arm you are using, replace the 
pins with small fillister-head screws. An extra sight 
may be carried for emergencies and easily changed 
with a small scrcw-drivcr. 

You will notice that I have constructed these 
specially-designed front sights on the principle of 
strength and stability together with a practical un¬ 
derstanding of the requirements of front sights. At 
the arsenal, all work when completed and accepted 
must be sturdy and capable of enduring hard 
service in the field. If the beginner intends to 
carry out certain ideas he should study the possi¬ 
bilities of extreme conditions under which it will 
be used. A pessimistic but wise plan will be to 
anticipate the very worst conditions; it often 
changes our methods of construction. 

Most of the front sights illustrated in Figure 116 
are made sturdy, but there are those of a frail 
design which are used mostly on target arms. The 
most delicate sights are sometimes ordered, so I 
have designed these to give the student an idea for 
making them. I would advise making everything 
which happens to come into }'Our mind; nine ideas 
may be wrong and one may be right, but this is the 
way success is arrived at in all experimental work. 
It is easy to make a thing, but it takes a wise man 
to criticize his own work, profit by his errors, and 
build another and another until something is arrived 
at which will prove successful. Through such per¬ 
sistency you will gain experience invaluable to your¬ 
self and others. 

Aperture Front Sights —The improved target 
and hunting type of front aperture sight is designed 
on the optical principle of a telescope, being con¬ 
structed to break light and give a clear and distinct 
definition as it is brought upon an object. Many 
men have their front sight fade out because of de¬ 
fective vision or the impossibility of holding the 
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front sight on an object for any length of time. 
With a front sight of such a design it is possible 
to secure any combination of rings to accommodate 
defective eyesight. The rear retaining rings can be 
used to place any desired form of post or small 
aperture by using a watch hand or reversing it and 
using the point. 

The apertures can be made to any size and these 
used in place of the sight-retaining rings to convert 
the sight into a standard aperture sight pure and 
simple. The reticules or light-breaking rings can 
also be made to a diameter which will produce the 
desired effects of light upon the front or rear rings. 
Naturally, defective eyesight is not the same in all 
men, so different sizes must be made to find a per¬ 
fect combination that will allow clear and distinct 
aim and reduce errors to a minimum. The error 
of aim with the best sights now used is about 1 inch 
at 100 yards. This is based on perfect vision; 
therefore, this error is increased at greater distances. 
The greatest trouble experienced is the fading out 


of the front sight, but with a sight that will break 
lights, the eye is able to hold the front sight on 
the object longer and consequently get the shot off 
much more quickly. One type is made for target 
work and one for hunting, by removing a section 
of the top in order to allow a greater flow of light 
in this opening. 

It is very evident that in the manufacture of 
aperture front sights none have been made wilh the 
idea of using the principles of certain machine re¬ 
finement. Most of the aperture front sights have 
been constructed with a view to satisfying the target 
shooter, but not the man with defective vision. His 
choice is limited to a telescope. 

No dimensions have been placed on the parts 
shown in Figure 118, but the outside diameter of 
the lube is % inch and the length is governed by 
the apertures, reticules, and retaining rings. The 
front locking screw is held in place by a thin spring 
fastened in two different ways, as the drawing 
shows. The inside of such an aperture sight must 
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Fig. 118 

Improved design oi aperture front tight 





Fig. 119 

Howe-Whelen aperture sight in 
position on rifle 
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have these parts turned and bored perfectly true 
and the back rings cut so that the alining pins will 
bring the pieces in the exact center. All these parts 
have their optical centers, and these may or may 
not be true, or correspond to or be in alinement 
with the axis of the tube; it is essential to have 
these parts all in perfect alinement. Since the 
Springfield front-sight base is the most popular, one 
is designed for that while the other shows a stand¬ 
ard ramp with the sight brazed to the top in the 
correct position. 

It is an easy matter to design such a sight for any 
type of rifle, and those with eyesight difficulty will 
find it a great aid in their sighting arrangements. 
Its rigid construction is one of the most desirable 
features, because it will stand the hard knocks of 
real service. With such a sight the rifleman can 
throw his rifle to his shoulder and as he catches the 
object the true aim will be clearer and even brighter 
than could be had with any standard sight of 
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similar construction. In fact the ideal front sight 
has at last been designed. 

Bolt-sleeve Sights — When Colonel Whelen and 
I designed and made the bolt-sleeve sight, our ob¬ 
ject was to eliminate all this by designing a new 
sleeve and have the sight slide work in it, together 
with the safety which was placed on the right side 
in a location so that the thumb could operate it 
with ease at the instant of firing. A hardened pin 
was placed on the one side, with a strong spring 
back of it, which would always keep the sight solid 
and in position. Figure 119 shows this sight on a 
Springfield Model 1903 remodeled rifle. 

The same idea was applied to a Mauser action by 
designing a new bolt sleeve. A sight like the Howe- 
Whelen is rather expensive to make because of the 
precision work required for its perfection. A num¬ 
ber of these sights were made and sold to the public 
but were of rather poor construction, since the 



Fig. 120 

Assembled view of Howe*Whelen aperture tight 
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Detailed parts of Howe-Whelen aperlure sight 
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Detailed parts of Howe-Whelen aperture sight 
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manufacturers did not have the necessary experi¬ 
ence to produce an article of such delicate design 
and precision. However, if they were made in 
quantity and made right, they would he one of the 
best bolt-sleeve sights on the market today, because 
of their simple application and the fact that they 
are better than 2 inches closer to the eye. The 
sight did not require any screws to fasten it in 
place; all that was necessary was to remove the 
regular sleeve and assemble the sight as tho assem¬ 
bling the entire bolt mechanism, or as tho it were 
the sleeve itself. The entire new sleeve and all 
sighting mechanical arrangements were in the block. 
The safety feature of this sight was one of the 
best, and I believe there was never a better feature 
incorporated into a sleeve that locked as this did 
and in a position so accessible in quick release as 
the rifle was brought to the shoulder. Another ad¬ 
vantage of having the safety in such a position was 
that it made it possible to mount a hunting tele¬ 
scope very low without the interference of a safety 
as on the Springfield or Mauser actions. There 
have been many sights made since Colonel Whelen 
and I designed this one; some have been good and 
others just mediocre. This, however, has opened 
the way for subsequent ideas and experiments. 

Figure 120 shows the assembly of the Ilowe- 
Whelen sight and Figures 121 and 122 the details 
of the component parts. The mechanically inclined 
person or engineer will see that one of these is 
rather complicated to construct. The necessity for 
a substantial sight of this nature led to this design. 
It made it possible to have the aperture closer to 
the eye and at the same time it was advantageous 
for the arrangement of windage and elevation on 
the Lyman principle. As one progresses in making 
these he will develop decided ideas regarding sights; 
this will lead to some that are alone in their class. 

Since the drawings of these sights are self-ex¬ 
planatory we shall proceed to examine and discuss 
the possibilities of manufacture. The body must 
be made from heat-treated alloy steel to give the 
desired toughness; the body acts as a sleeve for the 
bolt, at the same time housing all the essential parts 
of the sight. The first operation on the body is to 
drill and ream the hole that the cocking piece rides 
through; also to counterbore the rear end to the 
desired depth. A special mandrel is made and the 
front end turned and undercut, and square threads 
are cut. to have it fit. in the rear end of the bolt. 
After this operation the bottom is milled to form. 
The body is then laid out for all holes and drilled. 
The drilling operations on the body really require 
different drill jigs, but as only one or two will be 
made by the student for some of his Springfield 
rifles it is not necessary to make these but to drill 


from all the laid-out holes. After completing the 
drilling operations, the elevation slide slot is milled 
to the correct width. Holes are to be tapped, the 
sleeve catch to be fitted, and various other odds 
and ends done before the pack-hardening process 
takes place as described in Chapter VJT. 

Next in order is making all the component parts 
as given in the detailed drawings. There is quite 
a bit uf work on the slide which should also be made 
from alloy steel to give it strength. The safety is 
made from flat tool steel, milled out to the required 
form, and the ends serrated for a thumb hold, so 
that the thumb will not slip off when operating it. 
A locking plunger can also be made to operate with 
the safety, but this part does not show on these 
drawings, as it is very simple in construction. 

These sights call for graduations in minutes of 
angle, but as the standard sights are marked a cer¬ 
tain distance apart both for windage and elevation 
we must place marks of some kind to set the sights 
by; therefore a graduation on the elevation slide 
should be equal to one turn of the thumb nut. The 
Lyman standard thread which is used on their aper¬ 
ture sights is 25 threads per inch; therefore one 
revolution of the screw means 0.040 inch that the 
slide is raised, which is one-twenty-fifth of the 
thread on the screw. Each mark on the elevation 
slide is marked 0.040 inch apart the full length 
and the nut graduated in five divisions or five equal 
parts so that it is possible to raise the sight 0.008 
inch on every one of the graduation marks on the 
nut. In line with each one of the lines on the nut 
is a depression spotted on the under side so that a 
plunger will snap in place. The plunger has a small 
spring underneath it so that every time it is snapped 
into one of the small depressions a click sounds. 
The windage adjustment is made similarly, except 
that a flat spring is provided which has a small 
notch. This engages a similar notch in the face of 
the nut which has greater power of holding the nut 
in a given position and keeps it from being turned 
when rubbed against an object. 

Obviously it would be impossible to construct a 
screw to take care of the trajectory of a bullet at 
longer ranges. To do this an angle would have to 
be made to slide the aperture forward by a screw 
to take care of the fall of any bullet, but that is 
another problem and must be worked out by the 
interested person. 

The construction of the hole in the cup disc to¬ 
gether with the correct form is a matter of choice. 
The size of the hole in the disc is a matter of 
proper application. You cannot expect to use one 
made for fine target work in the brush, nor can 
you expect to do your best work with a cup disc on 
a sight for hunting purposes; therefore, these must 
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be made in two different designs so that when view¬ 
ing an object, whether target or game, there will 
be no interference with the view of the object or 
the surrounding country or shelter. At all times 
in shooting at an object, regardless of how near or 
how far away, your vision is taking in the rear 
sight, front sight, and the object, so do not make 
the mistake of using the same size of opening for 
game as you do for target work. 

Sight Setting Gauge — Figure 98 illustrates a 
gauge which is a necessary addition to a gunmaker's 


is inserted into the receiver, which has a graduated 
scale or slide and can be set to correspond to the 
front sight only 0.050 higher than each of the 
sides on the front gauge. This gauge is also used 
to lay off the height of comb and heel when making 
a new stock, for it is possible to place a straight¬ 
edge over the top of it. 

The rear gauge can be made to fit any receiver 
and still hold the same height at the rear, except 
on some ritles with small receivers. A gauge of this 
nature should be in the possession of every stock 
maker to secure the correct drop of stock by using 



Fig. 123 

Remodeled Springfield Model 1903 designed lor Dr. A. J. Ries. Howe-Whelen sight attached 


tool lay-out. The gauge for height of sights is only 
used when making and setting new sights in posi¬ 
tion. The front gauge is inserted into the muzzle, 
which has been turned out of a 2Mi-inch bar of 
steel. 1 have placed four flat sides on it, measuring 
from center of bore; one for 1.100-inch height, fur 
1.05-inch, for 0.925-inc.h, and for 0.800-inch. The 
highest side is for long-range target rifles using 
heavy barrels. The 1.05-inch is the standard height 
for Springfield, using any form of receiver sight. 
The 0.925- and 0.800-inch heights are for special 
low mounting on Springfield and other bolt-action 
arms where low sights are required. The rear gauge 


the straight-edge illustrated in Chapter TT, Volume 
I. By the use of the gauge and the straight-edge 
an exact duplicate is possible when making two 
stocks; otherwise mistakes are apt to happen by 
the “guess and try” method. 

Those who attempt making sights which will be 
an improvement over those we have today will con¬ 
fer upon themselves a lot of hard study and research 
work to be able to arrive at a point where it is 
possible to apply the correct principles, putting 
telescopic ones aside, and departing from ideas of 
iron sights. 




CHAPTER XXI 
Spring Making 
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T HE main principle underlying a spring is nec¬ 
essarily the elastic property of the steel of 
which the spring is made. The analysis of spring 
steel used in gun work should be: 


Carbon 

Manganese 

Phosphorus 

Sulfur 
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Vanadium 
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The process of fitting springs includes hand- 
forging, filing, polishing, heat-treatment, a temper¬ 
ing bath, and a final polishing before the spring is 
assembled. These treatments are applied to nu¬ 
merous flat springs used in shotguns, single-shot 
rifles, automatics, etc. The round, helical or com¬ 
pression springs made of music wire are untem- 
pered, except in very rare cases of larger, heavier 
springs where the wire runs above % 2 inch; these 
are the square wire springs. 

The amateur should be thoroughly familiar with 
spring making, for much of this work will be 
brought to his attention. To acquire a fundamental 
knowledge, make a few sample springs; not neces¬ 
sarily for any particular gun, but merely as a means 
of gaining experience. Conduct your test in an 
experimental manner with various heat-treatments 
in the tempering stages of the potassium-nitrate 
bath. First, test a spring tempered to 700 degrees 
Fahrenheit, and continue the treatments, increasing 
the temperature each time until you reach 850 de¬ 
grees. When you have acquired knowledge of 
tempers in the test for compression you will be able 
to guide future spring requirements accordingly. 

The finest spring steel for gun work is made in 
Sheffield, England; the second best is of Swedish 
manufacture. American spring steel has been 
brought to a high standard of late years, but it is 
wiser to use only the best for complicated springs 
on a high-grade arm. You will find after consider¬ 
ing the work involved, that it does not pay to 
economize when buying spring steel. 


Forging — Quite as essential as good steel in 
making a satisfactory spring is proper forging. In 
forging, do not work the steel too cold under the 
hammer, but heat it at an even and uniform tem¬ 
perature. The bending of the spring requires three 


heats: one or two heats are not sufficient for the 
proper forms. 

As an illustration of forging a spring, wc shall 
select a main spring from an Anson and Deeley 
action where the forward end controls the auto¬ 
matic ejector levers. This spring has two actions 
to perform; operating the hammers and operating 
the small lever for the ejector cocking arm. When 
compression takes place, the slight sliding motion 
on the flat part must be made to the exact length 
to have the arm perform pro|x‘rly. We must be 
very particular when it is finished, so that the 
spring will function this part when compression is 
at its extreme limit. 

Your forging equipment may consist of only a 
regular forge or blow torch, or you may have a 
standard gas furnace in which you can control the 
heat within a few degrees of temperature. What¬ 
ever your equipment may be, here are the correct 
details. 'The heat of the furnace must be about 
1450 degrees Fahrenheit, and no higher than 1550 
degrees. If the piece of steel you arc using has been 
cut from a bar, place it in the front of the furnace 
and allow it to heat slowly before moving it into 
the direct heat nf the flames. While waiting to have 
the steel rise to the proper heat, set three calipers 
to the broken spring; one for width, one for thick¬ 
ness at the heaviest part, and one for thickness at 
the thinnest part, allowing enough for filing. When 
the steel has reached the correct even color, with¬ 
draw it from the furnace and forge it. Never allow 
the color to run below the cherry-red heat. Con¬ 
tinue until the spring is forged to the required 
width and thickness. Cool in lime and then file to 
the required width and thickness, allowing enough 
for length to finish. Polish the inside where it can¬ 
not be finished and then turn it over. 

Place it back in the furnace and gradually heat 
to the same temperature. In forging it to shape, 
before putting the spring into the furnace, chalk 
a cross-mark where the bend will go. When it is 
heated to the required temperature, remove it from 
the furnace and proceed to bend. Since the spring 
is now very thin at the end, it cools rapidly, and 
you may be able only to turn it half way. If so, 
reheat it and completely turn the bend, allowing 
enough so that it will be possible to insert a % 2 * 
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inch blade between the bend. Reheat again, re¬ 
move from the fire, insert the blade between the 
bend and completely finish, hammering it well into 
shape. Because you have used three heats on the 
spring to turn it over, the molecules in the steel will 
not be injured and fractures will not appear later. 

Uneven heating is the cause of most of the de¬ 
fects in forging a spring; later on we shall study 
the defects in the hardening operation. Great care 
and a thorough knowledge of the characteristics of 
steel are essential throughout the heating operation. 
It may be accomplished satisfactorily if the student 
will use good judgment and be certain that every¬ 
thing is carried out with precision. 

The next operation is to place the correct curva¬ 
ture in the spring and also to have the bend parallel 
to each curve so that the compression will be dis¬ 
tributed evenly when the spring is compressed. It 
may require three heats to secure the proper curves 
and to have it square. Tlacing curves in the spring 
is a simple operation and I presume that you will 
be able to do this without further instruction. 
After forging the spring to) this point, hold it with 
the tongs while you turn the leaf to the proper 
curve, first one end and then the other. Maintain 
the same heat in the spring during the operation. 
Bend the spring a little more than necessary so 
that if the least compression lakes place, due to a 
faulty tempering, the spring will not become so 
weak that it ceases to function. 

After the spring is cool, the finishing takes place. 
In this operation, the spring is fitted into the slot 
and about 0.002 inch more is allowed than the 
spring pocket, so that it will enter freely. When 
filing the length, measure it with a micrometer to 
prevent any mistake. The rounded ends must be 
absolutely square and have a true radius. All file 
marks must be removed and polished so that when 
the final finishes are given the slightest scratch will 
not be detected. 

Hardening and Tempering — A lead bath is 
employed to harden the spring. If the student does 
not have a crucible, a common ladle will serve as 
well. Place a sufficient amount of charcoal on the 
top so that it will not oxidize too readily. It will 
be necessary to coat the spring with common 
alcohol and chalk to prevent the lead from sticking 
to the steel and thus retard cooling of the spots 
where it adheres. Pre-heat the spring to between 
800 and 900 degrees Fahrenheit, and then place in 
the molten lead, which should be at a temperature 
between 1350 and 1400 degrees. When the spring 
is placed in the lead it will float to the top, for lead 
has a specific gravity greater than steel; therefore, 
it will be necessary to hold the spring under the 


lead with tongs, the ends of the spring being heated 
to secure the proper temperature throughout. When 
the required temperature is reached, remove and 
dip it in the oil bath as described in Chapter VII. 
When cool, remove and place in a bath of potassium 
nitrate (saltpeter) heated between 700 and 725 
degrees. A low-reading pyrometer should be used 
to keep the bath at this temperature, or better still 
a high-grade mercury thermometer having a range 
above 750 degrees Fahrenheit. With a thermometer 
of this kind the bath may be always controlled and 
kept at the correct temperature. Allow the spring 
to remain submerged between ten and fifteen min¬ 
utes or even longer—altho ten minutes is usually 
sufficient. 

If the beginner is unable to employ such elaborate 
equipment, I would suggest the “stick method” for 
both purposes; heating of the potassium nitrate 
and testing for the proper temper. This consists of 
judging by the “feel” or appearance of a wooden 
stick on the surface of a spring. This is a crude 
method, but in experienced hands is very reliable. 
The first indication is the greasy feeling of the 
stick as the temperature of the spring increases, 
owing to its greater heat. The first sign of this 
feeling occurs when the temperature has reached 
about 575 degrees. After the smoke, a spark may 
be obtained with hard rubbing, and as the heat in¬ 
creases, numerous sparks are obtained with light 
rubbing. The next definite indication is the “flare” 
of the stick which occurs at about 795 degrees. At 
this point the steel has just reached luminosity, as 
judged in absence of external light. The “stick” 
employed is usually an old hammer handle of either 
ash or hickory, shaved down to a flat edge. You 
may use softer woods such as birch or hazel, but 
these are not as good as the former. The charred 
point of the wood is used continually. It should be 
noted that resinous woods are not suitable for 
gauging such temperatures. After you become ac¬ 
customed to gauging heat in this manner, you can 
judge the rate of heat within 50 degrees Fahrenheit, 
which is a practical working range when tempering 
springs. The temperature of the potassium nitrate 
bath may also be judged by this method. 

After the spring is carried through the above- 
mentioned operations, it is ready to be polished. 
Before any polishing is done, examine the spring 
thoroughly with a magnifying glass to detect any 
flaws. Cracks of a circular form on the corners or 
edges of the spring indicate uneven heating in 
hardening. Cracks of a vertical nature and dark- 
colored fissures indicate that the steel has been 
burned and should be scrapped and a new spring 
made. Springs which have hard and soft places 
have been either unevenly heated, unevenly cooled, 
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or “soaked”—a term used to indicate prolonged 
heating. A spring not thoroughly moved about in 
the hardening bath will show hard and soft places, 
and have a tendency to crack. Springs which are 
hardened by simply dropping them to the bottom 
of the oil tank sometimes have soft places, owing to 
contact with the bottom or sides of the tank. They 
should be thoroughly quenched, before dropping, 
by moving them back and forth in the oil. If a 
spring appears soft and will not harden, it has 
probably been decarbonized on the surface by too 
much heat or by soaking it too long. The surface 
must be removed before the spring will harden 
properly, but this can not be done with some springs 
after thickness has been established. Sometimes 
springs are soft because the cooling bath is not large 
enough. I refer to those who try to harden a spring 
in a can cover and expect to see good results. 

When the spring is perfect in every respect you 
may polish it to a high finish and place it under 
test. For this operation refer to Chapter XV. 
This is an important factor in governing its life, 
for if it is not tested it is likely that inherent defects 
will not be detected. If overtested, a crippled effect 
is produced which is equivalent to several years’ 
use. The proper method is first to measure the 
spring with a micrometer and place it under an 
arbor press, using suitable steel blocks which have 
been hardened and the surfaces oiled so that the 
spring will ride free when pressure is applied. Bring 
the ram down and compress the spring to its full 
compression; repeat from eight to twelve times and 
then check with the measurement previously made. 
A well tempered spring should not lose any com¬ 
pression except llie normal set, which should not be 
more than 0.01. If the beginner does not have an 
arbor press with which tu do such testing, the bench 
vise may be used instead. 

A spring made according to the methods outlined 
should last the life of the arm; it should even stay 
compressed when not in use and hold its elasticity. 
The test will show that the spring is practically con¬ 
stant and independent whether compressed or un¬ 
compressed. There is such a variety of fiat springs 
used in firearms that it would be difficult to describe 
all the shapes and sizes. All such springs must be 
hand-fnrged and given the treatments described. 

Helical Springs — Altho these are often called 
“'spiral springs.” the proper term is “helical/’ de¬ 
noting a spring which shortens in action. There 
are several methods used to coil wire for springs, 
but the most successful is by means of a lathe with 
suitable arbors and one small hole drilled through 
it to hold the wire during the winding operation. 
These in turn are fastened in the lathe chuck. Wind 


it on the mandrel while a tool is used in the tool 
post. This tool has two rollers fastened to the side 
of the holder. The coil of the spring is deter¬ 
mined by the pitch of the number of threads per 
inch, and for the size music wire used. A tool of 
this nature is generally used with heavy wire, and 
if employed on either heavy or light wire, an even 
and well-formed spring is the result. 

A quick method is to anneal an old flat mill file 
measuring either 6 or 8 inches and drill a series of 
holes, small in diameter, such as Figure 124 illus¬ 
trates. The end of the spring wire is inserted in 
the drilled hole and at the same time into one of the 
holes of the winder or mandrel. If such a tool is 
used on top of the mandrel with the wire running 
through one of the holes to determine the space 
required between the spring coils, a true and even 
spring will be formed. 

Let us assume that you wish to make a coil 
spring to go into a %-inch hole; the size of music 
wire used is 0.045 inch. The double diameter of 
the wire would be 0.090 inch; because of expansion 
when the wire is released, you must deduct 
inch and an additional 0.01 inch so that the spring 
will be free in the hole. On the other hand, if you 
should wish the same spring to be free on a spindle 
or shaft which measures % inch, you would use a 
piece of ^«-inch drill rod for the mandrel. This 
rule only applies when the spring winder, which 
fits into the tool post, is used; the proper friction 
may be had to keep the wire tightly wound with 
all possible tension. 

If a long spring is required, a mandrel of a cor¬ 
responding length is used with a center placed in 
one end and the dead center in the tail stock used 
for a support. When a very small mandrel is used, 
the end of it is supported between the jaws of the 
drill chuck placed in the tail stock. The wire 
is placed in a boring-tool holder or a V-holder 
in the tool post. A piece of brass about % x 
V 2 x 3 inches is placed between the wire and 
tool-post screw and a V-shaped groove is filed in 
the brass to hold the wire in place. The groove is 
filed lengthwise in the brass plate and is made of 
the proper depth for the size of wire to be used. 
This clamping arrangement is tightened with the 
tool-post wrench, just enough tension being applied 
on the wrench to keep the wire from slipping. 

There are several simple methods of winding 
wire for springs. One of these is to clamp a rod 
or bolt in the vise and wind the wire around it by 
hand. This is a very unsatisfactory method, how¬ 
ever, for it is rather difficult to wind the wire evenly 
and with the proper tension. 

A very simple hand tool for winding springs can 
be made. A piece of %*■ inch flat metal is filed 



294 


THE MODERN GUNSMITH 




out, and on the left-hand side this tool is made to 
clasp the rod on which the wire is being formed. 
This is a handy tool and in the same class as the 
drilled file used for forming an evenly spaced 
spring. With such a tool, long coil springs can be 
wound. 

Another method of making a spring of an even 
coil is to hold a long threaded bolt in the vise. 
First, drill a small hole in the end of the bolt and 
then screw on the nut to such a distance that the 
hooked tool can be placed over the bolt. Place the 
wire in the hole, and with the tool in place, screw 
up on the nut, allowing it to follow the thread on 
the bolt. When enough is wound, file off the end 
of the wire in lhe hole and release the spring, which 
can be screwed uff the bolt. Springs of almost any 
coil, but not of “almost any diameter,” may be 
made in this way. 

In the absence of a lathe, a wire-winding tool can 
be made either by bending a rod into the form of a 
crank or by using bolts or lag screws with a handle, 
or a lathe dog fastened to one end. Insert these 
into a piece of hard wood as shown in Figure 124. 
This can be held in the vise or fastened to the 
bench by two or three screws in convenient places. 
A hole is drilled into the end of the rod or bolt and 
in this hole the wire is placed and wound toward 


the crank. Of course, the spring can be made no 
longer than this projecting end. To make different¬ 
sized springs, different-sized rods or screws must be 
used, and holes to fit must be made through the 
piece of wood. 

A tool of this kind will prove more serviceable 
and at the same time look like something. Pro¬ 
viding you expect to have much of this work to do, 
you may procure a casting similar to the tail stuck 
to a lathe and put in a bole where the movable 
spindle is placed. A similar spindle, but with the 
end where the wire is to be wound, is large enough 
to form a shoulder to keep it in place. On the 
other end place a wheel 8 or 10 inches in diameter. 
A steering wheel from an automobile will answer, if 
a handle is provided to turn it with. 

The end where the shoulder is may be made with 
a screw to fit a drill-press chuck, and this can be 
used for various purposes. The spindles may also 
be in the chuck. Such a tool can be fastened to 
the bench, and if more elaborate extensions are 
wished, a small motor and pulley may be connected. 
This tool would be a very convenient one with 
which to lap shotgun barrels at the muzzle. It can 
also be used for reaming holes, and in emergency 
for drilling purposes. As a tool for holding taps to 
tap threads in holes it has no equal—the work is 
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held in the left hand and the wheel turned with the 
right. 

The flat springs used in cheap revolvers and 
arms, which do not require much tension, can be 
made from the sheet spring steel. Always cut the 
strip of sheet spring steel in the direction of the 
grain, which is lengthwise, for the grain of the steel 
must not be across the spring. After the spring is 
cut to shape, grind down to size, or taper-grind it, 
for on all the cheap revolvers the operating end 
must be a taper and the stationary end which 
fastens in the frame must be heavy. When finished 
to correct width and taper, heat it and place the 
required bends in the proper places, then harden 
and temper as described. 

The straight tapered springs used on Colt and 
Smith & Wesson revolvers are very simple to make, 
as the ends have a slot for the hammer stirrup. 
After the spring is slotted, heat the end and form 
it over a piece of drill rod fastened in the vise. 
When formed to the correct shape, harden and 
temper. 

The student may not be able to secure the fine 
British steel, nor perhaps any suitable spring steel, 
through his local source of supply. Let us suppose 
that he must have a spring in a hurry, say for a 
Ballard rifle. Since this is rather a large spring it 
must be made as nearly correct as possible and at 
the same time it must be very resilient. The best 
steel to use in such an cmcigcncy would be from an 
old automobile spring. Anneal one of the leaves by 
placing 6 or 8 inches of the spring in a pipe and 
closing both ends. Pack lime all around the spring, 
heat to about 1400 degrees Fahrenheit, and allow 
to remain at this heat for one hour. Then let the 
furnace or forge cool off with the pipe and its con¬ 
tents therein, which will require from four to six 
hours. When the piece Is thoroughly annealed, saw 
lengthwise a piece of the bar long enough for the 
intended spring. Forge it to shape, allowing enough 
for finishing, as instructed in the first part of the 
chapter. If you are doing this work on a regular 
forge, using bituminous coal, make sure that you 
have freed the fire of sulfur and only use coke 
which has been prepared as described in Chapter 
XIX, Volume I, Complete the spring according to 


the sample and fit it well into the slot with the 
correct taper from lug to contact point on the ham¬ 
mer end. It is now ready to harden. 

The taper is an essential element in making a 
good spring for a firearm. When a spring is com¬ 
pressed and has the gradual taper, it must be con¬ 
stant from the large end to the smallest thickness. 
This tends to give a spring a gradual freedom of 
elasticity and a greater range of compression. The 
weakening of a spring due to an uneven taper is 
obviously a very serious factor and one of the 
prime causes of failure in most springs made for 
firearms; which points to the possibilities of un¬ 
equal stress set up in steel structure, regardless of 
the correct forging, hardening, and tempering. If 
you will examine a number of broken springs which 
have been removed from firearms, you will find 
nearly all causes of fractures about the same—im¬ 
proper heating, uneven taper, or improper harden¬ 
ing and tempering. The last cause is the most 
common. 

If I were to extend this chapter any further it 
would be necessary to carry it into technicalities 
involving a number of experiments to determine 
different points, such as stress and strain, develop¬ 
ment of formuke for deflection, practical considera¬ 
tion of the theoretical aspect, remarks on spring 
steel, etc. This study alone would require a good 
deal of time and would fill several chapters: but for 
the average student this would be of no value. 

Remember that to obtain good results when mak¬ 
ing springs, it is necessary to have the means of 
heating the steel uniformly and to the proper tem¬ 
perature. Forging should be done according to the 
correct method and cooled at the required degree. 
'Hie medium of oil should be employed, and the 
temperature and heat kept reasonably constant. 

It is well for either the amateur or professional, 
when making springs, to discard such old ideas as 
‘ burning oil" off a hardened spring, and instead 
apply the modern and more practical method. If 
this were practised more, much spring trouble would 
be eliminated. Perhaps you deem it difficult to 
give up practises clung to so tenaciously these past 
two hundred years, but modern methods demand 
flexibility. 
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Bullet Swages and Case-resizing Dies 


F f THE lean years such as we are experiencing 
during this world-wide depression, it becomes 
a necessity to economise at. every turn; the loading 
of ammunition is a means of reducing expenses to 
fit the times. The hand-loading of one’s own am¬ 
munition is a source of great enjoyment, and those 
who have a small shop where it is possible to make 
their own reloading tools, as described in this chap¬ 
ter, are in a fortunate position. They can not only 
make loading tools but bullet swages and bullet 
moulds. 

It is surprizing to see the ingenuity shown by 
men who construct their own reloading tools. A 
man whom I know made one from a bottle capper; 
it cost him the sum of $1.35. He was able to load 
not only one caliber of cartridge, but many, starting 
from the Hornet and ending with the 45-70. We 
can not consider points of extreme precision with a 
tool of this nature, but when wc draw aside the cur¬ 
tain and analyze Captain Woody’s information, we 
can not help but understand that he has striven for 
accuracy, eliminating every cause that would tend 
to make bad groups on the target. We can also sec 
from the information given that he has accom¬ 
plished the results he has striven for in the complete 
construction of his dies; those who have a small 
lathe in their home workshop can achieve the same 
results. After a start is made you will construct 
not only one straight-line tool for a certain caliber 
of cartridge, but many, or at least enough for the 
number you may have on hand. 

For the major portion of the ensuing material in 
this chapter I am deeply indebted to Captain G. 
A. Woody. Captain Woody has needed no intro¬ 
duction since the development of the .22-caliber 
Hornet cartridge. 

Resizing Dies —Getting a bullet started right 
is one of the secrets of good accuracy. A good 
bullet—one which has its rotational center of 
gravity directly within its axis—can be made to 
shoot inaccurately by canting it in the neck of the 
case. In this canted position it gets started incor¬ 
rectly, and the upset it is forced to take leaves it 
distorted, resulting in an inaccurate flight. 

To be assured that the bullet will at least get the 
benefit of a good start, the neck resizing die must 


be accurate. By all means, a full-size resizing die 
should be used, as this arrangement alone insures 
that the neck will be concentric, with the body, 
especially that portion of the body just in front of 
the head or rim. It is this portion of the body 
which should, in accurately-made chambers, support 
the case and line the bullet up with its seat. Obvi¬ 
ously, if the neck and the rear portion of the body 
are not in line, the bullet will be canted in its seat, 
and inaccuracy will result. All cases which are to 
be reloaded should be resized, especially at the 
neck. In no case should a chamber be made in 
which the neck is so tight that the cartridge neck 
after being fired will be small enough to hold a 
bullet. This is one of the surest ways to assure 
inaccuracy. It is seldom that a cartridge case has a 
neck which is exactly the same thickness all around. 
Such a case, fitting into a chamber the neck of 
which holds the case too snugly, will surely start 
the bullet incorrectly. In addition to this, there is 
always the danger of excessive pressure arising from 
too-tight chambers. 

With this explanation, it is seen how necessary it 
is to have the neck concentric with the body; this 
can be obtained only through the use of a full- 
length resizing die. 1’his should not be construed 
to mean that the full length of the body should be 
resized, but that the die should fit the full length 
and resize the neck. A full-length resizing die is 
simple in construction. All that is required is a 
piece of steel sufficiently long to take the case. Its 
diameter should be large enough to give it some 
weight, since the operator will often find it con¬ 
venient to hold the die in one hand and strike the 
knock-out pin with a hammer. A good heavy die 
works very nicely this way. 

Before proceeding to worry much about the die, 
one should provide himself with a reamer of proper 
size. He will find that the dimensions of a fired 
case, excepting the neck, will be just about what he 
wants if he is to fire the resized cases in the same 
gun from which he has taken the fired case. There 
is no advantage in unduly resizing a case if the 
same gun is to be used with his reloads. Having 
selected a good sample of fired case, he should use 
it as a guide from which to make his reamer. A 
reamer for this job is easily made by turning down 
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a piece of drill rod to the exact dimensions of the 
fired case minus about .003 inch at each point. 
This is necessary because a reamer of the type he 
will make will cut one to two thousandths large. 
The neck of the steel plug or reamer blank should 
be about .005 inch smaller than the diameter of the 
neck of an unfired case with the bullet inserted and 
should be at least .050 inch longer than the longest 
neck of a case you are able to find. Always make 
the reamer small in diameter, since the die can be 
lapped out if the first trial indicates it to be too 
small. Leave enough on the forward end for a pilot 
which should have a diameter about .005 inch—or 
more—smaller than the neck diameter. Select a 
diameter which will enter a hole drilled with a con¬ 
venient-sized drill which you may have or be able 
to get. Use care to sec that the length of the neck 
section is sufficiently long to keep the end of the 
case from buckling or becoming closed in. The 
rear end of the reamer blank should be turned to a 
size to fit a convenient chuck. 

Having gotten the blank finished to size and 
smoothed down, it should be caught in a vise and 
slabbed off to one-half its former thickness from a 
point just in the rear of the pilot to a point in 
the rear of the section which would form the body 
adjacent to the head. If a good grinder is avail¬ 
able, this slabbing eff can be done after hardening, 
and it is preferable in all cases to leave a little 
thickness to be stoned down after hardening. Such 
points on the reamer as the cone and front of the 
neck should be given a slight clearance. In fact, 
this type of reamer should always be given a slight 
clearance just back of the cutting edge, and this 
clearance should increase as the cutting edges ap¬ 
proach the nature of leading edges, as in the case 
of cones and crosswise cutting edges as in the end 
forming the neck. It is necessary to carry this 
clearance all the way around to the opposite side. 

You are now ready to proceed with the die 
proper, and having selected a suitable piece of low- 
carbon steel, chuck it up and face off the end. Cen¬ 
ter drill and then drill completely through with a 
drill somewhat smaller than the one you have 
selected for your reamer pilot size. Follow this with 
the finishing drill, which should be about .001 inch 
larger than the pilot you have provided on the 
reamer. Without moving the piece from the chuck, 
insert the reamer and proceed to enlarge the drilled 
hole. Use a slow speed and plenty of oil. You 
need a smoother finish. Ream to a depth which 
you have gauged to be satisfactory. Remove the 
die, and after relieving the sharp edge, try forcing 
in a fired case—with a vise. Having forced the 
case out, analyze the results by measuring the 
salient points on it as compared with an unfired 


case. Try inserting a bullet in the neck. If the 
bullet fits too tight, you are all right so far. Now, 
try the case in your gun, noting if there is any bind¬ 
ing anywhere, especially in length. If there is no 
binding, you are still all right. Watch the length 
to see that you have not unduly shortened the case. 
A very nice way to determine the length is to try 
several cases in the die pushed in to various dis¬ 
tances. For instance, if you allow the head to ex¬ 
tend away .050 inch from its seat on the die, and 
the shell fails to seat in the rifle by .050 inch, you 
are a little too deep; that is, you have no clearance 
at the shoulder and should face the die off about 
.003 inch for clearance. The same analysis will 
indicate when the die is not deep enough by allow¬ 
ing the case to enter the chamber to a point less 
than .050 inch minus the .003-inch clearance. In 
this case, the die should be reamed slightly deeper. 

After you have measured the resized case and 
compared it with an unfired case and pondered over 
it for some time, decide whether or not you can 
afford to do much lapping on the interior, and if 
so, how much. If the neck or any other part of the 
body needs lapping, a stick to about the proper 
size and driven into the die and then removed will 
give very good results. When the stick is removed, 
trim down the section you do not want disturbed, 
and with valve-grinding compound lap out the sur¬ 
faces you want increased. Try the die several times 
until you get exactly what you want. If you find 
that the reamer has cut too large, the only thing 
left is to stone it down at the large portions and 
start over again. Remember not to decrease your 
case too much. The neck should not be so small 
that undue pressure is necessary to insert the bullet. 
An unsightly bulge at the neck after the bullet is 
seated is unnecessary and a detriment to accuracy, 
since you will note that when the bullet expands the 
case it will invariably go in unevenly. Just enough 
pressure to hold the bullet in securely is sufficient. 

After you have gotten the proper size of case, it 
is well to case-harden the interior of the die. An 
effective way of doing this is to heat it up to a good 
red and insert into its interior a small piece of 
sodium cyanid. Remember that sodium cyanid is 
poisonous and should be handled accordingly. Al¬ 
low the piece to remain so heated a few minutes 
and quench in water. The inside will have a thin 
but hard surface, and a slight lapping will make it 
smooth. A knock-out pin should be provided. This 
is simple, yet many do not think of the effectiveness 
of providing a dccappcr with the knock-out pin. 
This can be arranged by selecting a short rod which 
fits loosely in the mouth of the case and shouldering 
down one end, leaving a tip the diameter of which 
will enter the primer vent and be of sufficient length 
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to decap the primer. In using such a rod to knock 
out the case, the primer is detached at the same 
time the cone is knocked out of the die, making 
two operations in one. Figure 125 shows a resizing 
die and knock-out pin as described above. 
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Fig. 125 

Swedglnq die. Reamers used for making die. Half 

reamers may be used as expedient when only one 

die is required 

To use this full-length resizing die, first wipe off 
the exterior of the cases that are to be resized with 
a slightly oily rag, so as to have just a very thin 
smear of oil on the case. If a heavy coating of oil 
be on the case, it will be distorted. Place the case 
in the body of the die. Have a large vise with brass 
jaw covers. Place the die with the case in it in the 
vise, and close the vise up until the head of the 
case is just even and flush with the head of the die. 
Then remove the die from the vise, and holding it 
in the left hand, insert the knock-out pin in the 
mouth of the die, and with a hammer knock the 
case out of the die. This will remove the case from 
the die and also remove the fired primer from the 
case. Before driving the case out, be sure that the 
primer decapping pin has entered the flash hole in 
the case. 

Bullet Swages — Making one s own bullets, to 
a few, is a very interesting pastime. There is some¬ 
thing about the game, when once you have mas¬ 
tered it, that is hard to get away from; one finds 
himself making bullets of various components and 
getting from this a wonderful picture of the action 
of bullets. 

Before undertaking the manufacture of a bullet 
swage, one should know that he is capable of fine 
and accurate tool work and should have a good 
knowledge of the behavior of metal when being 
drawn. It is useless to attempt to make bullets 


with a swage that is not accurate and capable of 
maintaining its accuracy. There are bullets and 
bullets—not all shoot accurately. 

One of the most important features of a bullet is 
that its center of gravity be exactly in line with 
its center of rotation. This fact is more obvious 
when it is considered that the rotational speed of 
a modern .30-caliber bullet is approximately 
200,000 R. P. M. At this rotational speed, it is 
readily seen what will happen if the bullet is in the 
least out of rotational balance. It is impossible to 
attain any degree of accuracy with an unbalanced 
bullet. 

Our modern method of manufacturing bullets is 
simply to have a die with a recess in it the shape 
of the bullet. That portion of the die which forms 
the point of the bullet is drilled, reamed, and lapped 
to take a push-out pin, which is recessed on one end 
to form the extreme point of the bullet. The opera¬ 
tion consists of forcing—with a punch—a bullet 
jacket and core into the die by the aid of a crank 
press, the return stroke of which pushes out the 
bullet by the aid of the push-out pin. To design 
a die following out this principle is simple enough, 
yet the maintenance of the push-out pin when mak¬ 
ing long pointed bullets is difficult. For this reason, 
commercial manufacturers dislike undertaking soft- 
point, long pointed bullets. 

One simple yet effective design of bullet die is 
shown in Figure 126. It should be noted that the 
die is supported at the junction of the body of the 
bullet and its point. The base which forms the 
point is inserted into the main body of the die, and 
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in this position a jacket and core are swaged to 
shape. To remove the bullet, the base is pulled 
out of its recess, and the bullet is forced out by 
pressure on the punch in the same direction that 
the bullet was swaged. A swage so designed must 
be made accurately or it is useless, yet when made 
accurately it is much more easily maintained than 
one with a push-out pin. 

For a bullet the size of a .22 caliber, the first 
consideration is to provide a reamer of the shape 
you desire. While practically any shape can be 
used, it is best not to select one of a radius greater 
than five calibers. That is to say, the arc of the 
bullet point should not have a radius greater than 
five diameters of the bullet. It has been thoroughly 
demonstrated that long-pointed bullets have a 
greater sustained velocity than blunt-pointed bul¬ 
lets, and that they strike higher on a 200-meter 
target. Obviously, this phenomenon can be par¬ 
tially attributed to other conditions, such as jump; 
yet, all in all, the long point produces a flatter tra¬ 
jectory even at short ranges. This statement can 
be verified by taking a blunt .22-caliber Velo Dog 
bullet and reversing it to a long-pointed bullet in a 
swage which will be hereafter described. The re¬ 
sults will be astonishing. 

Proceeding with the reamer and having deter¬ 
mined the point and diameter, which should be 
about .002 inch smaller than the finished diameter 
of the bullet you have determined upon, slab off 
one side to almost one-half the thickness of the 
reamer to a length not greater than the length of 
the bullet. Be sure that the section in the rear of 
the cutting edge will run free in the hole produced. 
This section should not be larger than the diameter 
of the cutting edge nor very much smaller, as it will 
subsequently act as a guide for the cutting edge, 
keeping it straight and preventing it from digging 
in. Having slabbed off one side, be sure that the 
cutting edge is backed off slightly and that the 
extreme point will be free to cut. If the slabbing 
operation does not go to the exact center, the 
reamer will bind, and if it is cut beyond the exact 
center, it will leave a small projection at the point. 
The latter, however, is a better condition than the 
former. The reamer should be shouldered back to 
a length of 2 or 3 inches, depending on the length 
of the bullet you are to swage. .See Figure 125 for 
a reamer used for this purpose. Harden and draw 
the reamer, leaving it sufficiently bard at the cut¬ 
ting edge. 

For a caliber .22 bullet, select a piece of tool 
steel about 1.125 inch diameter and 1.750 inch long 
and chuck it up. Face off one end and center drill. 
Drill through the entire length with a drill a few 
thousandths smaller than the reamer. Now replace 


the drill with the reamer, and with plenty of oil 
and slow speed, proceed to ream through the entire 
length of the blank. With the blank still chucked, 
counterbore the end with a diameter of about % 
inch to a depth of perhaps V 2 inch, leaving a good 
radius at the bottom of the counterbore. Be sure 
that the countcrborc is a perfectly cylindrical cut 
at least not greater in diameter at the bottom than 
at the outer edge. Break down the sharp edge of 
the counterbore. Now remove the blank and again 
catch it in the reversed position in the chuck. Face 
off the end and break down the edge of the bored 
hole. The hole on this end must be slightly en¬ 
larged to a depth leaving a length of the original 
reamed hole equal to the length of the cylindrical 
section of the bullet plus about *4 inch. This en¬ 
largement is necessary in order to get the bullet 
started, but it should not be more than .010 inch 
larger than the finished bullet. Having completed 
this operation, it is well to force a lead slug through 
the die to see that it is neither too small nor too 
large. It should be about .001 inch smaller than 
the finished bullet. On one side adjacent to the 
counterbore, file off a small angular cut; across this, 
file a line which will later be used as an index to 
line up your base. You are now' ready to harden 
this portion of the swage. Hardening a thick, hol¬ 
low cylinder is quite an art. If it is immersed in 
the cooling medium, it is liable to shrink in the 
diameter of the hole through it. The best way is 
to have a jet of water flowing upward through a 
tank, and by placing the heated die over the jet, 
the interior surface will harden almost as soon as 
the outer surface, leaving the hole about the same 
diameter as it was before hardening. It should be 
drawn to a light straw color with the counterbored 
section slightly deeper. 

After the die is hardened, it should be lapped out 
to the desired diameter. A metal lap is perhaps 
the best, as the hole should be a perfect cylinder at 
the section which forms the body of the bullet. The 
desired diameter is best determined by forcing 
through the lapped hole a bullet of the type you 
intend to make. Lap out the counterbore slightly. 
After this operation you are ready to proceed with 
the base. 

The base should be of tool steel. The first op¬ 
eration is to chuck up a piece of steel about % inch 
larger in diameter than the body of the swage. 
Shoulder back a section to a length equal to the 
depth of the counterbore of the body plus about 
.050 inch. Leave a good radius at the corner. 
Make the diameter a force-fit to the counterborc. 
This operation requires very close fitting; a nice 
smooth-cut file will serve very well. The accuracy 
you will get with the swage depends a great deal on 
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liow accurately you fit the base to the body. Be¬ 
fore you remove the base from your chuck, remove 
a portion of the metal which your reamer will later 
remove to form the point. This can best be ac¬ 
complished by drilling in with a center drill. Do 
not go beyond a point where your reamer will not 
clean up. The small point is what you should re¬ 
move, since a reamer of the type you have made 
usually does not cut well on the point. Don't go 
too deep. Make a line on the base to coincide with 
the line on the body. 

You can now remove the base and gently force 
it into the body, but be careful that you do not 
break the body in doing so. Have the two index 
lines pointing to each other. If the two pieces are 
too tight, and there is danger of breaking the body, 
drive the base out with a soft rod and dress it down 
slightly at the points where it bears hardest. The 
base can best be seated by tapping it slightly with 
a light hammer. When it is seated, be sure that it 
is seated close to the bottom of the counterbore. It 
is best always to shoulder back the end of the base 
about .020 inch, leaving a small rim Vie inch wide 
around the edge of the hole so that the two edges 
of the base and body come together firmly. Having 
seated the base firmly in the body, and the two in¬ 
dex lines coinciding, you can now proceed to ream 
(lie base to the limit you desire. It is best to lay 
out your bullet beforehand on a 10-to-l scale and 
determine just where you want your junction line. 
Drive out your base and measure the depth you 
have gone and try again until you have gotten the 
right depth. Always keep the counterbore free of 
chips. You should have no difficulty holding the 
base and body together while reaming, as the 
force-fit should be sufficient to keep them together. 
Always keep the index lines together. Reaming is 
best accomplished by using a hand drill and holding 
the body and base in one hand while you operate 
the drill with your other. 

Having completed the reaming, you can now 
proceed to harden the base. The section forming 
the point of the bullet should be drawn to a light 
straw color; the base proper can be drawn much 
darker. Provide yourself with a stick with a point 
shaped like the bullet and lightly lap out the bullet 
recess. Do not round off the edges too much. Fit 
the base again to the body by dressing it down with 
a piece of fine emery cloth. Never try to fit the 
two by running them together with an abrasive. 
The two pieces will probably fit together after the 
black from the heat is taken off. Be careful not to 
take off too much and thus make the parts sloppy. 
Do everything you can to keep the recess in the 
base in line with the hole of the body. With a 


small hardened rod which just fits the hole in the 
body by a slide fit—the rod to have a perfectly flat 
end at right angles to the axis—proceed to force the 
components of a bullet into the assembled swage. 
Tap the base until you can remove it, then force 
out the bullet. If there is a slight burr thrown up 
all around the bullet, you have done well. You 
can now lap out the bullet seat again and try 
another bullet. Tf you have been accurate in your 
work, you will have a bullet with only a slight ring 
showing at the junction point. Even a ring .001 
inch greater than the bullet diameter at this point 
does not seem to hurt. Bullets made from such a 
swage as above described have given an extreme 
spread of not more than 2*4 inches at 200 meters. 
The essential features are that the bullets should 
have a flat base—not canted—a point that is con¬ 
centric to the base, and not too short a bearing 
surface. 

When once the body is made, various bases can 
be used with it to give you many variously shaped 
bullets. 

This bullet swage is used by assembling the base 
B with the body A, bringing the index marks on 
each to coincide, and using care that the base and 
body arc snugly together. Then insert the assem¬ 
bled components of the bullet in the rear hole in 
the body, followed by plunger C. Then, holding 
the swage so assembled, place it in vise or arbor 
press and close the vise or press with a firm, heavy 
pressure, which will form the bullet perfectly to 
the die. A little experience will show how much 
pressure to use. Then remove the swage from vise 
or press, remove the base, and force the bullet out 
forward with the plunger. 

Such a swage may be used to resize a jacketed 
bullet which is slightly under or over size, such as 
reforming a .30-30 bullet that measures .306 inch 
so as to give a different form and a diameter of 
.308 inch, or to resize .311 bullets down to .3085 
inch. Or in certain cases it may be used to make 
complete jacketed bullets. For example, take the 
45-grain .22 Hornet bullet. Cartridge cases for 
the .22-short rim-fire cartridge can be obtained be¬ 
fore they have been headed; they make excellent 
jackets. A lead core weighing 40 grains and small 
enough in diameter to enter the .22-short case can 
be used, or the ordinary .22-long rifle bullet sized 
down so that it will enter the case may be used for 
the core. This lead core must fit very snugly into 
the .22-short case which is to become the jacket 
of the bullet; otherwise the jacket will be cor¬ 
rugated in the die. Assemble the core and case 
(jacket), swage up, and there will result an excel¬ 
lent soft-point bullet. 
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Bullet Moulds 


B ULLET moulds will be of interest, not to those 
who can purchase them ready-made from the 
manufacturers, but to the man who experiments 
with different forms of bullets. The necessary' 
equipment to make the mould and cherries consists 
of a lathe, a milling machine, and a drill press; the 
lathe to turn the cherries, etc.; the milling machine 
to cut the flutes in the cherries and to form the 
mould blanks; and the drill press to cut the im¬ 
pression in the moulds with the finished cherries. 
AH the operations require a certain degree of knowl¬ 
edge pertaining to tool making so that all the work 
will be done with precision and so that when the 
moulds are completely perfected good results will 
be the reward on the target. It will be an easy 
matter for you to make all such tools without very 
detailed instruction, providing you use extraordi¬ 
nary care in the construction of the cherries. 

I always found great pleasure in going over some 
Of the old tools in the loft of the small-arms de¬ 
partment at the Frankford Arsenal. There were a 
number of old cherries, bullet moulds, tools and 
gauges, dating from the Civil War period to the 
present time. My chief interest centered on some 
of the old cherries made from time to time for dif¬ 
ferent bullets, particularly on the accurate way the 
flutes w'ere cut. Most of these had been cut by 
hand with a file after the flutes were gashed with a 
milling-machine cutter and were spaced very ac¬ 
curately. See Figure 127. This was the first 
method used after the cutter was formed ready to 
be fluted. The gashing of the teeth was done in a 
milling machine by catching the cherry in the 
dividing head chuck and indexing the head to the 
number of required flutes. Each time this was 
done, the cutter was brought against the top of the 
cherry to make the impression for the location of 
the flute. 

The small-arms department made all the shrap¬ 
nel balls for the shell shop; these were turned out 
on a special shrapnel ball machine with two half¬ 
dies which came together, forming a true sphere. 
This machine had a number of these dies set in a 
row, and as the lead wire was fed through from a 
roll at the back of the machine, an automatic feed 
carried the wire a certain distance directly over the 
dies; when the two halves came together a ball was 


formed. Figure 128 will show the reader how these 
dies were made. Altho you may never have occa¬ 
sion to use them, you may be able to apply the idea 
to other work. Different-sized balls required dif¬ 
ferent-diameter cherries, and these were in cabinets 
and also boxes in the loft, never to he used again, 
as shrapnel is an obsolete item on the list, the high 
explosive shells replacing these in modern warfare. 

You will find very little use for the round balls 
today, as these are also on the list of obsolete bul¬ 
lets, except for muzzle-loading rifles and in shot¬ 
guns for deer in certain States. The shotgun 
spherical balls may be secured from the ammuni¬ 
tion companies already loaded in the shells, but for 
the old muzzle loaders or flint-lock arms you must 
make new ones. Their usefulness has passed, and 
they are in the discard, more or less; however, it is 
well worth knowing how they were made. 

Ball Cherry — The term “cherry” applies to the 
ball-reamer used to make the mould for a spherical 
ball or bullet; so named, no doubt, after the fruit. 
This is an old term; in fact, I have seen mention of 
it in a book printed in 1814. To the average 
mechanic nor anyone not familiar with this process, 
to produce that perfect sphere in metal in the form 
of a solid steel ball seems a very difficult operation. 
It is very simple, however. The majority of tool 
makers would make a templet and turn and file one 
to form. This may be perfectly satisfactory for the 
average job, but when a perfect sphere is required, 
it is just as easy and simple and does not require 
any more time than the templet. It only requires a 
little instruction to make one of the correct size to 
any given diameter, and for any caliber of rifle or 
gauge of shotgun. 

The first stage of the work is to make a forming 
tool to fasten in the tool-post holder of the lathe. 
As an illustration, suppose we wish to make a 
cherry 0.500 inch in diameter, which when finished 
will cut a true spherical hole. Take a piece of steel 
between % G inch and % inch in thickness which 
can be fastened to a suitable bolder. When set in 
the tool-post holder in the lathe it must come on 
the exact center. A piece of an old file of good 
quality of the above given thickness, properly an¬ 
nealed and the teeth ground away, may answer the 
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Fig. 127 

Bullet-mould cherries. Mould counterbore and form tool for cherry 


purpose. It should be annealed to as soft a degree 
as possible. A piece of non-shrinkable steel such 
as “Paragon” or “Ketos” is preferable. Drill a 
hole near one end, but a little smaller than the 
given diameter. With a No. 8 or No. 9 taper-pin 
reamer, ream the hole until the cutting edge 
measures 0.501 inch, which is 0.001 over the de¬ 
sired size to allow for the finishing and stoning 
operation, and which will bring out a ball to 
measure exactly 0.500 inch. 

The advantage of using the taper-pin reamer is 
that the hole is made perfectly round, and at the 


same time the taper of the reamer gives an angle 
to the hole allowing for clearance and a good, 
strong, effective cutting edge. With a file, cut out 
a portion of the tool to a V shape, and at the same 
time file back the clearance the same as the reamed 
tapered hole. Figure 127 illustrates the forming 
tool and work produced from same. The V may 
be cut either on the side or on the end, and it is 
then possible to center it much better. When it is 
completed, harden and temper for use. 

For the cherry, turn a piece of steel in the lathe 
% inch in diameter. “Stentor,” an oil-hardened 
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tool steel, is perhaps the best; all reamers are made 
from it. The length is governed by the require¬ 
ments. The shorter they arc, the better, for there 
will not be so much spring. The end on which the 
cherry is to be made is roughed out into a ball. 
The end which the center supports is roughed out 
with the lathe tool, leaving only enough metal to 
finish with the form cutler in the V' and then turned 
back in proportion. 

When forming the rough-filed sphere, the blank 
should be held firmly in the lathe chuck, and the 
lathe run at a slow speed. Set the compound rest 
so that the tool will be in a parallel line with the 
work and on the absolute center. Move the cross 
slide in against the work. Let it gradually scrape 
its way through the circular form and V-shaped 
opening in the side, receiving the stem to which the 
cherry is attached. You can also do this operation 
by hand by attaching the forming tool to a suitable 


holder and resting it on a rest attached by the tool 
post. Plenty of oil must be supplied to prevent 
scratching or tearing the sphere. The tools should 
be kept well stoned on the face so that the metal 
will not pick up on the cutting edge of the tool. 
Naturally the former is the most efficient way to 
cut one of these cherries, but the latter may be 
used when one is in a hurry. 

The flutes in a cherry must be cut in the milling 
machine; first by gashing the flutes on the highest 
rounded point of the sphere. Cherries must have a 
greater number of flutes than a reamer because of 
the end and because of cutting two halves at once 
in the mould and also in order to produce a finely 
finished surface. Most cherries have between 
twelve and sixteen flutes. You will notice in Figure 
127 that the flutes do not terminate in the shank 
but are off at an angle clearing it. This is done to 
insure a perfectly spherical form by having a cut¬ 
ting side operate at the bottom of the hole while it 
is beinu formed. Such a flute is rather difficult to 
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file, but as the flutes are all equally spaced, the first 
one is filed so that the bottom one is continued clear 
around the bottom. This is the one and only flute 
which is cutting and all other flutes terminate near 
this one, so patience and rare must be applied or 
the blank may be spoiled. In using the three- 
square file to cut the flutes to make a fine cutting 
edge and at the same time a sharp V cut, grind 
away the teeth on one side. This will only allow 
the bottom side to work, and the ground side will 
always keep to the cutting edge without removing 
any metal. By grinding a file in this manner, two 
acute cutting angles can be had from one file. When 
the file becomes a little dull on the sharp cutting 
edge, a little grinding will restore the edge and 
make it sharp again. Very narrow lands must be 
left on the flutes, which should not be any more 
than l / 64 inch; even less is belter. When filing the 
flutes from the gashed lay-out, first file one and 
allow it to terminate on an angle clearing the shank. 
Continue with the next, and so on until all come 
out at an equal angle, are equally spaced, and are 
deep enough in the flutes to give good chip room. 

In tempering a cherry do not allow it to become 
too hard above the spherical portion. Draw the 
shank to a very dark blue up to the ball, and it will 
be less likely to break. It is better to leave the 
sphere a dark straw if using carbon tool steel. If 
oil-tempered steel is being used, the cherry part can 
only be drawn to a light straw and the shank to a 
blue. It will be well to stamp the sizes of the 
cherries on the tool or in any conspicuous place on 
the shank, with the size in decimals of an inch, so 
that it will not be necessary to check it. with the 
micrometers before using. 
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Bullet cherries are stoned after the temper is 
drawn to a sharp cutting edge; you will find that 
this operation demands patience, for it requires the 
use of a square or three-cornered oilstone. As the 
lands were left very narrow and 0.001 inch over¬ 
size, you will find that with care and patience you 
will have each ilute stoned to a perfect cutting edge. 
The stoning of any reamer or cherry does not 
require much clearance; only enough so that the 
cutting edge will clear, which gives the tool a better 
support and does away with saw edges on the flutes 
causing the metal to pick up and produce a bad 
finish in the mould. 

Bullet Cherry — If you will send to the Lyman 
Gun Sight Corporation for The Ideal Hand-Book , 
which costs fifty cents, you will find such a great 
number of different bullets that it will be almost 
impossible to construct a new one; still you may 
have your own invention of some particular type 
of bullet not listed, or you may wish to carry out 
some special experimental bullets to prove certain 
ideas. Then this chapter and suhject will he of 
interest to you. 

Figure 127 illustrates two bullet cherries, and if 
further experiments are to be made on any type of 
bullet, the principle is based upon the same con¬ 
struction except that you will change diameter, 
width, length of grease grooves, and ogive at the 
point. You may wish to make a one, two, three, or 
four caliber radius, or you may wish a certain de¬ 
sign of point which has never been suggested before 
to prove some of your theories. You may also wish 
to experiment on the base, placing different angles 
and lengths, or giving it a boat-tail effect to 
reduce trajectories in flight; or you may cherish 
other ideas which have possibilities of work¬ 
ing out some theory to your own satisfaction. 
There is too much work connected with mak¬ 
ing these reamers, so it will be much better to 
turn the bullets first from copper, making up 
ten on a lathe and then testing them on the 
range for accuracy. Consider the specific gravity 
of the two metals in the mould. You will use lead 
and tin, and for the sample bullets, cupper; copper 
has a specific gravity of 8.9; lead, 11.37; tin, 7.29. 
Mix these to the same specific gravity as copper. 
Use a great deal more tin than lead, which hardens 
the bullets considerably. This problem will be 
worked out to your own satisfaction. 

The first operation to be done before the cherry 
is turned is to make a templet of the bullet’s nose. 
This is made from a piece of sheet steel. AD 
lines and radii can be laid out and then filed to the 
sharp lines. It is only necessary to use one-half of 
the templet; this is much easier than to file the 


complete form. In making such a gauge the point 
is made to the exact form wanted, guess work being 
eliminated. In using the gauge or templet, it is 
necessary to turn and finish the cherry to the cor¬ 
rect diameter of the bullet you are about to make 
and then turn and file on the ogive so that when 
you lay the straight portion of the templet over the 
end it conforms to the exact radii. The finish of 
the reamer or cherry must be so that all tool and 
file marks are entirely removed before the grease 
grooves are turned out; these take up the next 
operation. It is now necessary to grind parting 
tools to the exact width that the grooves must be, 
and each is placed in its correct location along the 
diameter of the cherry. These must be to a given 
depth. When the parting tool begins to cut or 
shows that it is just touching the straight cylindri¬ 
cal part of the blank, set the dial on the cross feed 
to zero and feed it in until the desired depth is 
reached, by the graduations on the dial. Continue 
until all grease grooves are cut into the blank and 
all to the correct depth. 

The question of boat-tailing a moulded bullet is 
a matter of experiment, as explained before, or a 
matter of preference. The next stage of the opera¬ 
tion after the necessary lathe work is to mill the six 
flutes in the cherry. Indicate this to make sure 
that when you place it in the chuck on the dividing 
head it will not run over two or three thousandths 
of an inch. A 60-dcgrcc angle cutter is used for 
milling the flutes, and this must be set 0.010 inch 
ahead of center, which will eliminate chatter on 
the mould when reaming it out in the drill press. 
When the cherry has the flutes milled, file off the 
slight burrs thrown up by the milling-machine cut¬ 
ter, and wash it in clean gasoline to remove the oil. 
Use the coppering solution as given in Chapter 

XVI. When reamers are to be stoned or filed, 

* 

always coat the surface of the flutes with this solu¬ 
tion, for it will give you the true cutting edge, 
which may be readily seen as you are working either 
the stone or the file to the cutting edge of the flutes. 
Have a small bottle of this mixed for use in all such 
work and for laying-out work as well. 

It is now necessary to file out the grease grooves 
on the cutting edges and at the same time relieve 
the sides of these grooves so that there will be well 
finished serrations in the mould. A finely cut 
needle file must be used for this operation. It is 
somewhat difficult to file these out. so some patience 
and care must be exercised in order to keep the 
cutting edges sharp and at the same time not give 
them too much clearance or place a radius in the 
corners at the bottom. After the grooves are all 
filed, the cutter is ready to be hardened. This is 
done by the usual hardening and tempering methods 
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previously described for the ball cherry. When 
these operations are completed, it is ready to be 
stoned on the outside cylindrical portion of the 
flutes. Polish the lands and coat them with the 
coppering solution and stone to a keen cutting edge; 
also stone the cutting edges in the flutes to remove 
all cutter marks. It is always well to run a fine 
needle file along this edge before hardening, to re¬ 
move the rough edge, and when the stoning of this 
surface takes place, a much better finish will be 
secured. When stoning up to the cutting edge, do 
nol allow the oilstone to remove too much material 
on the back end of the flute. Start to stone on the 
back and gradually work up to the cutting edge. 
The stoning of a reamer requires some practise to 
enable one to stone up to the cutting edge with 
freedom. This will come with practise and you will 
know the required amount of pressure to apply on 
a stone. At the same time work up to the edge of 
the flute with freedom, holding the exact size of 
any reamer made in this manner. Continue stoning 
each flute until it is perfect, down to the extreme 
end. With a fine stone ground so that it will go 
into the grease grooves, touch them up so that the 
cutting edges will be well polished, removing any 
file marks and also any scale left in the hardening 
operation. 

Simple Form of Cherry — Any one who has 

used a standard twist drill knows how rapidly one 
of these will cut into metal. Suppose this form of 
cutting edge could be applied to a bullet cherry. It 
would not matter if the cherry were spherical or of 
a conical form. File two cutting edges like a drill 
on opposite sides of the blank from the shank to the 
end of the cherry. It is natural that the two 
rounded portions be left on each side of the cutting 
edges to be removed; then the tool is nothing more 
or less than a peculiar-shaped drill or reamer which 
may form an internal sphere. But this form 
could not be used or applied between the sides of 
the blank bullet moulds, as the full rounded sides 
permit this, form the cutting edges in a manner 
similar to that of the ones made at first, only not 
so large, making three or four on each side accord¬ 
ing to the size of the cherry. These cuts can easily 
be made with a fine-cut three-square file or half- 
round file, as previously described for the fine-fluted 
spherical cherry. 

A tool of this kind can be made very quickly 
and will answer in a number of instances where a 
bullet is needed to trv out for a certain muzzle- 
loading rifle or revolver. Tt may not produce the 
same results as the tools first described, but you 
may only want this cherry to enlarge some old bul¬ 
let moulds which have been found and will answer 


the purpose for the time until you are in a position 
to make the proper tools and moulds fitting for a 
rifle that would demand the best in this respect. 

Bullet Moulds — Simple as it may seem, most 
mechanics have more or less trouble making the 
joints of two half-pieces of metal come together, 
forming a hinged joint, especially on bullet moulds. 
Examine those produced by a manufacturer who 
has all the necessary tools at his command, and 
often you will find the joints not well made. It may 
be due to the mechanic’s not having the proper 
knowledge of how “to lay out.” Such a joint may 
have been (he excuse for an ill-fitted piece of work. 
However, it is an easy matter when instructions 
are followed. 

Figure 129 illustrates the proper lay-out to make 
on the joints of a bullet mould. It will be observed 
that the line A is the surface line of the finished 
half of the male section where the two halves come 
together. This is C on the female half. The lines 
B and D are drawn at right angles to these, and in 
the intersection of these lines is the diametrical 
center of the round projection that is to form the 
joint. 

At the point of intersection of these two lines, 
or where they cross each other, make an indenta¬ 
tion with a sharp-pointed center punch. Then lay 
out the diameter of the joint on both halves. Drill 
a hole 4 less than the finished size of reamer 
to be used when the joints are finished and both 
halves are to come together. After the holes are 
drilled a counterbore must be made to cut down the 
surfaces at E and F and at the same time to leave 
a sharp shoulder and face. Figure 127 gives an 
idea of how this counterbore is made. To make 
this tool, select a piece of steel, chuck it in the 
lathe, and turn the pilot to the size of hole drilled 
in the male half. Turn the body the required size 
of the joint to be made, and under-cut the pilot 
so that when the face is filed it will be possible to 
finish this below the size of the pilot. Turn the 
shank the required size to fit the milling-machine 
collet or drill-press chuck. When all the lathe work 
is completed, mill teeth on the end and file cutting 
clearance on the face of the flutes. Harden and 
temper as usual. Then stone the face of the flutes 
and the tool is ready for use. 

If the counterbore is to be used in the drill press, 
cut down each half of the joint on the male section 
to about half its thickness. The outer circle or cut 
of the counterbore will be a guide to file to, or you 
can mill the circle of the joint. When stoning the 
face of the counterbore, if the face is made just a 
little convex it will form the surface of the joint 
a little concave, and a better fit will result. 
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The female half must be milled out so that the 
male section will just enter the slot. It is much 
better to mill this first and counterbore the male 
part so that a perfect fit can be made. It is also 
well to mill out the circle as laid out on the female 
part, before the slot is milled, so that a larger 
amount of the surplus metal is removed before the 
straddle mill is inserted, as it is difficult to get the 
inside radius to conform to the male joint. Use a 
larger straddle mill, which will clear the female 
joint. 

When this is done, place the two halves together, 
ream the hole, and make a stud to fasten them to¬ 
gether, allowing a shoulder for the top cut-off plate, 
so that when the nuts are pulled tight there will be 
just enough friction for mould and plate to have a 
free movement when opening and closing. 

Brass is the best material to make a bullet mould 
from, as it is the easiest metal to work and looks 
well when finished. Of course, it may be made from 
cold-drawn steel, but brass is preferable. 

The most practical method is to mill the joints 
on the moulds. The circle is milled by first placing 
a piece of steel in the milling-machine vise and 
drilling on one end the same size as the center hole 
was drilled in the mould. Fit a bolt in this to take 
one-half of the mould, and hold it friction-tight. 
By using a 2 \•> or 3-inch straddle mill a perfect 
circle can be produced. Fasten one-half of the 
mould on the holder in the vise and clamp the bolt 
just so it is possible to turn it. By feeding the 
mould up to the edge of the cutter the surface or 
shoulder is cut where the two portions of the joint 
come in contact when opening. By turning the 
mould around slowly, a portion of the circle is cut, 
say about one-half. Remove the mould from the 
bolt, reverse it, and the remainder of the circle can 
be cut; the whole “round ,? and the abutting sur¬ 
faces are produced by two cuts, enough metal being 
allowed to smooth the joints with a file. Finish it 
so that a perfect circle can be seen. 

After the stud is fitted you will find that the top 
and bottom surfaces of the mould do not come 
together. One is always higher than the other; thus 
it will be necessary to mill these two sections so 
that a true and even surface is had on the top and 
bottom. If the two closing surfaces, A and C t do 
not come together, place a light film of Prussian 
blue on one half. The blue is placed on the sur¬ 
face A and the impression left on C is removed with 
a fine file. The perfection of the joint can be as¬ 
certained by opening and closing the mould a few 
times, removing the high spots until the two sur¬ 
faces show perfect contact and fit the top cut-off 
plate. This is made from a %-inch Brown & 
Sharpe ground-gauge stock or from saw steel. You 


may wish one, three, or even more bullets moulded 
at one time in these moulds. Establish a center line 
when this plate is against the edge of the friction 
stud. Establish this line between the two halves 
and lay out the proper distance apart where the 
reamed holes are to come. Drill a small hole on 
each one of the laid-out lines. With a No. 52 drill 
assemble the plate again to the mould and scribe 
each drilled hole into the body of the mould, which 
should come exactly between the two halves. With 
a fine center punch, place indentations between the 
two halves; and with a small combination center 
drill, establish these centers. First place a small 
paper clamp on the mould. If a round ball is to be 
moulded, select a drill the same diameter as the 
shank at the small part next to spherical termina¬ 
tion, and drill to a depth within % inch of the bot¬ 
tom; this will leave sufficient metal for the cherry 
to clean out at the bottom. 

When all parts are completed, the mould is ready 
to ream. A drill press is used for this operation. 
It will be well to give the spindle a thorough in¬ 
spection to see that there is no lost motion or play 
between the bearings on the spinclle or the arms 
which hold the spindle. Satisfactory adjustments 
must be made, not so tight that the machine can¬ 
not be turned over by hand, but there must be a 
free movement of the bolts without lost motion any 
place between the arm, spindle, and work. 

The most satisfactory method to ream a mould is 
to hold it between the jaws of a drill-press vise and 
gradually tighten the vise until the mould is com¬ 
pletely closed against the cutter. You use a ball 
cherry the depth of which should not be any more 
than .010 inch. Less is better, for then you have 
a ball without any flat when cast. After the cut-off 
plate shears the flash, a Va-mch opening at this 
point is sufficient. This diameter is not very large 
at the connection point of the spherical section, but 
the smaller the hole the truer the bullet is to a 
perfect sphere. Be very careful when feeding in 
the vise jaws not to allow this cutter to remove too 
much metal and catch and break the cherry. The 
drill press must be run at a slow speed and the feed 
must be clamped so there will be no lost motion one 
way or the other. In other words, it must be 
clamped solidly. The drill-press vise should not 
be clamped to the table, as this must be free, so 
that when you tighten on the screw both sides of 
the mould will be cut evenly. Stop the machine 
often and brush the chips free of the cutter. This 
is one point which must be watched very closely, 
for if this condition is allowed to exist, the cherry 
may be broken. 

If you are using a regular bullet cherry with 
grease grooves, a much larger hole can be drilled 
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that will relieve a considerable amount of metal, 
and the cherry will not have so much work to per¬ 
form. Care should be used in the manner described 
for spherical balls—slow feed on the closing of the 
vise, freeing the cherry of chips, etc. All this must 
be watched very closely. Also examine the cherry 
to see that metal is not clinging to the cutting 
edges. If so, it must be stoned until you have a 
highly polished surface in the interior of the reamed 
hole for a bullet with a conical form and grease 
grooves. You may find it necessary to enlarge the 
hole in the shearing plate more than V K inch, but 
keep this diameter and try a few test bullets before 
it is opened any larger. 

You may wish to make a hollow-point bullet; if 
so, it is necessary to drill through the mould with a 
drill the size you wish to make the opening in the 
end of the bullet. Then use another drill to remove 
a large amount of the surplus metal so that the 
cherry will not have too much to do within % inch 
of the required depth. 

Figure 129 illustrates the method used to make a 
hollow-point bullet. The hole drilled is counter- 
bored to a standard size; then a pin is made long 
enough to place a hollow in the bullet at a depth 
which will be ample to give the desired effect. A 
taper is placed on the end so that the pin is easily 
removed from the bullet after casting, and a shoul¬ 
der is turned on the opposite end to fit the counter- 
bored portion so that the correct depth can be 
obtained on every bullet. This must be faced off 
flush with the bottom of the mould. As each bullet 
is cast it will remain on one side or the other. All 
that is necessary is to give the pin a slight tap 
with a piece of wood and it will fall out together 
with the bullet. After the mould is closed, pick the 
pin up with a pair of pliers, insert it into the hole 
again, and you are ready for the casting of the next 
bullet. 

The moulds must be provided with suitable 
handles. Thread pieces of cold-drawn steel of suf¬ 
ficient size according to the weight of the mould, 
and fit common wooden file handles to the ends. Of 
course, if you wish fancy handles, two can be turned 
out of ebony or some other attractive wood. 

Material for Casting Bullets — Cast bullets 
consist chiefly of lead and tin, altho other metals 
are used. Lead-tin alloys are mixed to give a cer¬ 
tain hardness, as lead alone is too soft. The Brinell 
test shows lead to have only 3.9 and tin 4.1. Add 
10 per cent of tin to lead, and it raises the hard¬ 
ness of the alloy to 10.1. When you add more tin, 
this increase of hardness goes on until a certain 
point is reached, and then the alloy becomes softer. 
The hardest point is reached when 66 per cent of 


tin is added to 34 per cent of lead, which shows a 
hardness of 16.7 on the Brinell hardness test. The 
addition of mercury tends to harden a bullet to a 
little higher degree and at the same time makes it 
come out of the mould clean and white. A very 
small percentage of phosphorus renders the bullet 
alloy very “lively’'; that is, the alloy has a tendency 
to run more freely in the mould. Too much phos¬ 
phorus is very injurious to a bullet. Tf any one 
wishes to use this when making up bullets, it should 
be in the form of phosphor-tin and then only 300 
grains of a 5 per cent phosphor-tin to every 23 
puunds of bullet alloy mixed is generally sufficient. 

The cores of all commercial bullets are 10 per 
cent tin and 90 per cent lead, which gives very 
good results. As lead has the highest specific 
gravity and tin about four points lower, we increase 
the tin contents and lower the specific gravity of a 
bullet, which has more or less effect on accuracy. 
So to secure the best results a considerable amount 
of experimentation is required, not only on the 
alloy used but on the weight of bullet as well, until 
the correct combination is reached. In mixing an 
alloy it is best to mix 1 to 10 and first try this, 
which is 1 per cent of tin to 10 per cent of lead. 
For example, melt ten pounds of lead and one 
pound of tin. This gives a hardness of 10.1. If 
this docs not prove satisfactory, add more tin, but 
keep a record of the amount added so that a check 
can be referred to when the best results are ob¬ 
tained. 

Such work for the man who does his own loading 
will prove fascinating and a means of reducing his 
ammunition bills. Having acquired this experience, 
you may anticipate greater results from jacketed 
bullets and those using a higher velocity. Casting 
your own bullets from moulds made by yourself is 
valuable not only for the experience gained but also 
for its economy. Today when it is possible to pur¬ 
chase any mould from the manufacturer the ma¬ 
jority of men will say that these standards cannot 
be improved upon. True, but that was how they 
perfected that standard, and there is still room for 
improvement. It is to the real rifleman that such 
information will be of benefit; anyone is capable 
of becoming one and producing something more 
accurate than can be bought. 

Next in order would be the loading of ammuni¬ 
tion, but I shall leave this to those who have gone 
farther than I. However, some valuable sugges¬ 
tions may be derived by those who have already 
made their barrels. From the chambering tools, 
straight-line loading dies can be constructed. These 
tools are the only satisfactory means of loading am¬ 
munition regardless of the number of reloading tools 
on the market today. The finishing reamer that was 
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used in the chamber is now used on loading dies to 
be reamed to a depth which will allow the cartridge 
to come flush with the bottom. 

A special reamer is necessary to ream the clear¬ 
ance for the bullet. After this is done, the die is 


hardened according to the usual methods. A bullet 
seating punch is made to the proper length and 
also hardened. Then a satisfactory base is made 
which completes a loading die that is known to 
place a bullet in the case in perfect alinement. 
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Restoration and Preservation of Antique Firearms 


T O THE historian as well as to the antiquary 
and the sportsman the development of the gun 
must always be an intriguing subject. It is a 
truism that gunpowder changed the whole aspect 
not only of civilization but of society as well. 
When the defensive armor of the knight ceased to 
be proof against the weapon of his humblest as¬ 
sailant, it set the bounds of feudalism and in¬ 
augurated a new era in which '‘Jack could be as 
good as his master.” In a book such as this it is 
not desirable or even jxjssible to trace the develop¬ 
ment of the shoulder and hand gun except in a very 
cursory manner, and then only in so far as relates 
to the restoration and preservation of specimens of 
such old arms as may be part of one’s family in¬ 
heritance, or those acquired for private and public 
collections. There are some valuable collections of 
arms in our country, most notably perhaps the 
Xunnemaker collection in Milwaukee, which is 
under the charge of that delightful sportsman. Dr. 
Paul Jenkins. We mention this particularly because 
of the great willingness of Dr. Jenkins and his col¬ 
leagues to identify unknown guns for amateur 
collectors and gun lovers generally. To our ama¬ 
teur, however, the intimate collection which he 
dreams of some day possessing holds out the 
greatest charm, and it is to him that this chapter 
is really dedicated. 

In many a country attic stands an arm that 
would worthily form the nucleus for one’s own col¬ 
lection. It may he grandad’s old pioneer ritle, as 
long as he was tall, and intimately associated with 
the most stirring legends of the family; or uncle's 
old squirrel gun which performed so wonderfully 
when squirrels and forests were just around the 
corner. Aside from the family interest, these old 
guns rapidly passing into rust and nothingness have 
a deep interest all their own. They not only mark 
a stage in the development of firearms, but made 
as they generally were by a local mechanic, of the 
simplest materials and with the crudest of equip¬ 
ment, they stand as a monument to pioneer in¬ 
genuity and resourcefulness and are an incentive to 
all of us who love to express ourselves in our 
firearms. 

Most of the older arms have suffered severelv 
from time and neglect and at first glance may ap¬ 


pear hopeless of restoration. This is not necessarily 
so. It is true that as active firearms their useful¬ 
ness lias entirely passed, but many can be restored 
in appearance to their former selves. 

The reconditioning of old arms such as these, and 
putting them into working order—for this should 
always be done—requires considerable forethought 



Fig. 130 

Tho Pauly percussion breech-loading gun. made in the year 
of 1811. Napoleon had the arm tested in his presence; 
eleven shots per minute were fired by the inventor 

and patience, especially when missing and broken 
parts must be made so that they do not conilict 
with the ideas of the old forest craftsman and so 
that they are quite free from any suggestion of 
newness. 

Models running back no further than the Civil 
War—that period so fruitful of new developments 
in firearms—are usually restorable to actual use, 


319 


320 


THE MODERN GUNSMITH 


providing always that explosives and loads such as 

they were designed for are used exclusively and no 

''stepping up" ever attempted. If you shoot any 

of these old arms vou will soon discover how much 

• 

modern precision in manufacture has done to at¬ 
tain uniformity in sho The famous “Killdcer” 
was not sentiment. It was either the work of some 
noted craftsman jealously guarding his superior 
knowledge for his own products, or even more 
likely the happy accident that unperceived and un¬ 
intended made some fiddles and some guns strik¬ 
ingly better. So don’t be surprized if the discovery 
of a fine-shooting old gun is an event. Some of 
them did and do shoot, and grandad might have had 
such a one. Who knows? 

The shoulder guns made or used in America go 
back to the very beginnings of each gun, for the 
Spaniards brought their arquebuses with them, and 
indeed our Puritan forefathers too. Very few of 
these remain, but an old Puritan arquebus was 
brought to me some years ago, for reconditioning 
preparatory to being placed in a museum. It was, 
strangely, in excellent condition, and when I had 
finished work on it, could have been put to its orig¬ 
inal use. It weighed eighteen pounds. With it 
came the staff upon which it was rested when dis¬ 
charged. This was shod with an iron point where 
it was thrust into the ground and the upper end 
fitted with a U-shaped notch in which to rest the 
barrel. The charge in this old arm was ignited by 
the end of a coil of smouldering rope which had 
been treated chemically to render it slow-burning. 
This was carried in a holder on the right side. 

This gun, however, must have been of a very 
early dale, for really the matchlock, which super¬ 
seded it, was the arm we associate with the first 


Xew England settlers. The matchlock introduced 
two features into the gun and new words into its 
nomenclature, the gun lock and the trigger. The 
gun lock was only the simplest mechanism for hold¬ 
ing the slow match. In its earliest and simplest 
form it only consisted of a curved and pivoted lever, 
the one end holding the match, the other end pass¬ 
ing through the stock and terminating in a trigger. 
When the trigger was pulled the lever moved about 
its axis and the burning end was thrust into the 
priming pan. This was a great improvement, for 
it released the right hand so that it might assist in 
the holding and give precision to the discharge. 

The next step—the first real lock—was to actuate 
the fuse holder by a spring so that it jumped back 
automatically from the pan after ignition. Thus 
the gun lock was born. 

The matchlock was superseded by the so-called 
‘•wheel-lock.” In this the burning fuse was re¬ 
placed by a mechanism to originate fire. It con¬ 
sisted of a wheel or disc of steel, serrated on its 
edge, and attached to the lock plate, so that ils 
periphery was at the edge of the flash pan. It was 
given a rotating motion by means of a chain and 
spring similar to the old form of watch drum. This 
was wound up with a clock key. Standing op¬ 
posite this disc was a hinged arm, holding in its 
extremity a piece of pyrites. When ready for firing 
the wheel was wound up, the lid of the flash pan 
thrust back, and the drum holding the pyrites 
broimht down in contact with the wheel. When 
the trigger was pulled the pawl checking the wheel 
was released, and the revolving wheel brought a 
shower of sparks into the pan and ignited the 
charge. 

The wheel-lock was superseded about 1650 by 



Fig. 131 

Flint-lock double gun by Joseph Manton & Son. Note the Irizzen connection and the manner in which the barrels are 

breeched 
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the flintlock; the great improvement was that the 
cock, holding a flint, in its falling uncovered the 
flash pan and thus accomplished two important 
things—it kept the priming from wind and weather 
until the moment of firing and automatically ex¬ 
posed it the moment the spark was produced on the 
frizzen. This arm persisted without marked im¬ 
provement for two centuries. It is a matter of great 
interest, however, to know that there were ham¬ 
merless flintlock guns, the mechanism being housed 
in the stock and actuated by spiral springs. Some 
were also breech-loading. 

Starting with this gun, the most interesting 
period in firearms, especially in America, began; 
little work will come into our hands which ante¬ 
dates this period. We shall therefore confine our 
remarks and instructions to the flintlock and its 
successors, the percussion-lock guns and early 
breech-loaders, l'he first step in restoration is a 
critical examination. This is best made in a com¬ 
pletely dismounted arm, so strip your gun down to 
its parts. A reading glass will help you to find 


and a tang extending from the breech plug fastened 
to the stock by a screw running downward into 
trigger plate. In the later and better sporting arms 
a hook is formed on the end of the brccch plug and 
this engages in a false breech. In this case only the 
fore-end fastening is removed and the barrel lifted 
and withdrawn from its rear fastening. Having 
taken off the barrel, remove it from the breech pin, 
nipple and nipple plug, and its sights. You are 
now in position to see the exact condition of the 
bore, to clean it and restore it. If the bore is not 
too badly corroded or the walls too thin it will he 
a comparatively easy matter to put this back in 
shape. You will proceed as follows: 

Dip a bronze-bristle brush fastened to a steel 
cleaning rod in a powder solvent (given in Chapter 
XXV, Y’olume I) and pass the brush back and 
forth through the bore, keeping the bore well soaked 
with the solvent. When the brush is completely 
worn out, which action will not require a great 
amount of rubbing, place a small funnel in the 
breech end, and with the muzzle in a pan on the 



Joseph Manton percussion-lock double gun. 


Fig. 132 

Note Manton's development of Forsyth’s principle of ignition 


distinguishing marks, if any, such as the [Taker's 
name, symbol, and dates, and it will enable you to 
make a close survey of the arm generally. Before 
stripping, it is always best to probe the barrel, for 
it is surprizing how many times one will find a 
charge in the barrel of an old gun. Go quite easily 
and gently with your stripping and do not apply 
force irrationally. Rust and grease in time will 
combine and cause great adhesion, so you must use 
great care, especially in removing the metal parts 
from their seatings in the wood. Many of the old 
stocks are made of maple, and altho this is a strong 
wood when new, is not a durable one. It becomes 
:< doley M with age and breaks apart very readily. 

You will readily identify the fastenings of guns. 
The barrel of most of the muzzle-loaders was 
secured to the stock by a wedge pin in the fore-end 


floor, pour gasoline through to remove the rust 
which had been loosened with the brush. Clean 
out with one or two patches and inspect the bore 
to see the true condition. No doubt you will find 
it very badly pitted; the pits can only be removed 
by cither broaching the bore or reaming and com¬ 
pletely recutting the rifling. This will be treated 
later in the chapter. 

When only desiring to clean the inside of the 
barrel to test, you can follow up the lapping by 
using the worn bronze-bristle brush with patch 
wound well into the wire. Soak this completely 
with 290 emery and oil and proceed to lap the 
barrel, using the steel cleaning rod. This lapping 
may continue for several hours, the patch kept well 
soaked with emery and oil. Ever}' so often, wash 
the bore out with gasoline and inspect it, first wip- 
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Fig. 133 

Flint lock double gun made by Tow. ol London. Note the graceful outlines of tho hammer 


ipg it out with a clean patch. If you find this 
treatment has accomplished the desired results, no 
further lapping is necessary. If not, and you de¬ 
cide to lap the barrel with a lead lap, Chapter 
XVIII will give full details of this operation, which 
is the same for this muzzle-loader as it would be 
for a new barrel. Alter the bore is enlarged you 
may find it necessary to make a new bullet mould; 
Chapter XXIII will give the full details of how to 
make it. 

Rifle Barrels — If it is a rifle you will deride at 
once whether its shooting days are over, or whether 
you intend to make further use of it. In the first 
instance you will only be interested in removing its 
dirt and rust so that it may be preserved against 
corrosive action in the future; in the second in¬ 
stance, that of future use, you will have to do 
more than that in most cases. Some of the old 
barrels—wc allude in this chapter only to such as 
are really antiques- still have considerable mileage 
of their own sort, but the majority, being made of 
soft and poor iron, arc pretty well shot out. This, 
we must remember, was an intermittent disease with 
all of them that saw much service. Every so often 
they would be carried back to their makers for a 
freshening up of the rifling and for fitting with a 
new mold to cast bullets to the new and larger 
diameter. The old gunsmiths, even with their 
home-made equipment, did this very easily and gave 


a new lease of accurate life to these barrels. You 
may wish to experiment in this direction yourself, 
and if you are patient and persevering there is 
nothing in this process beyond your capabilities. 
1 am going to describe this operation as it was done 
in the old days and with different methods. Later 
1 shall further describe how a rifle barrel can be 
entirely rc-rillcd in several ways. Let me describe 
a home-made equipment that I saw some time ago. 

The plank was 2 inches thick and 6 inches wide, 
and about twice as long as any barrel to be rifled. 
At one end of the narrow side were fixed two bear¬ 
ings, one at each end so as to turn an old rifle 
barrel freely. At the other end of the frame was 
fixed a circular plate of iron, like a wheel which 
was made with divisions on its circumference and 
had a catch fastened to the wood; when the end of 
this caught one of the divisions il would firmly hold 
the barrel in place. When this plate was turned 
the barrel also turned. Inside of this barrel was 
placed a rod of iron, around which was cast some 
soft metal, such as babbit metal, old type-metal, or 
even lead. In the center of the rod a square was 
filed together with barbs on the squares. The rod 
was then put in the barrel and the soft metal was 
cast around this section. This was the rifling 
guide. A handle similar to a large auger handle 
was fixed transversely to one end, but in such a 
manner as to turn around freely on the rod. As 
the rod was pushed and pulled back and forth, the 
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Fig. 135 

An early-period percussion-lock rifle. Note the manner in which the nipples are set in the breech 


CUTTER HEAD - HIGH SPEED STEEL 

Fig. 134 

Rifling-head design for making muzzle-loading barrels 


cutter had done its work, or cut all that it would, 
the plate was turned one division, rotating the old 
barrel with the rilling head just that amount on 
the barrel to be rifled. Of course, it being turned, 
another cutting was done like the first one. then 
another, until a full revolution was made with the 
plate; and so on, until the complete circle of the 
divisions had been made and a certain numl>er of 
faint riflings were made in the fixed barrel. The 
cutter was then removed from its slot, a slip of 
writing paper placed in the bottom of the slot, and 


pleted is to make a rod with an elongated slot about 
% inch long in one end to receive a rifling cutter 
or “saw” (this is the term used for such tools), 
and to fix at the other end of the rod a handle like 
an auger handle, but so fixed that the rod will turn 
freely no matter how the handle may be held. This 
rod is inserted in the barrel to be re-rifled and the 
cutter forced into one of the grooves. The end of the 
rod should be filed square and barbs placed on the 
ends of the square. Then soft lead is poured around 
the cutter and the rod is driven in. When the cut- 


soft metal followed the rifling grooves; this caused 
a turn first in one direction and then in another. 
Because of the rod being loose on the handle, the 
hands were held in the same position. Chapter XII 
will give full details of the modern holder for rifling 
rods. 

The rifling head was attached to the opposite 
end of the rod and carried a cutter let into a nar¬ 
row groove made in the extreme end and used as 
a rilling head. It is evident that if a barrel is 
placed in the clamps which held the new barrel, 
and the rifling head, bearing a suitable cutter, is 
entered into the bore of the new barrel and the 
rod thrust forward by pushing it with the handle, 
a faint spiral cut will be the result. When the 


the cutter put in place and a repetition of the same 
operation gone over again and then repeated until 
the rifling was of the desired depth. Oil was sup¬ 
plied to the cutter while going back and forth in 
its work. 

One method of reboring and rifling is lo make 
broaches as Figure 84 shows; also a rifling head as 
shown in Figure 134. Of course, these require ma¬ 
chinery to make, but when completed, a perfect 
bore is produced. The broaches are driven through 
the bore and made so they will remove about 0.0005 
of metal. Then the lapping rod is inserted and 
draw'n back and forth until a perfect bore is the 
result. When using these tools, supply oil freely. 

The simple way to re-rifle after the bore is com- 
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Fig. 136 

Side-hammer double gun made by A. Wurffelin. Percussion locks. Note the flush outlines when the hammers are in 

the fired position 


tor is inserted in one of the rifling cuts, it must be 
deep enough so that the lead will form in the op¬ 
posite riflings and be free for the cutter to work. 
This operation is performed from the breech end, 
but the lead is cast on the rod from the muzzle end. 
The groove must be marked where the saw first 
enters. Push the rod free, remove the cutter from 
the slot, and work the rod through the barrel freely. 
Now place the saw in position and pull this through. 
When pushed forward and pulled backward until it 
will not cut any more, it is placed in another rifled 
groove and so continued until the circuit of the 
rifling is made. A slip of paper is then placed 
under the cutter and a repetition of the process 
made and continued until the rifles are cut as 
deeply as desired. 

When barrels are so worn that the rifling has not 
depth enough to hold the tool described for re- 
rifling, another method must be resorted to. Make 
a rod of hard wood about 6 or 7 inches long, so as 
to slide easily through the barrel, and in one end 
of this fix the cutter. Around the other end cast 
lead so as to fill the grooves. It is evident that if 
this short rod is forced through the barrel instead 
of a longer one, it must turn with the rifling, being 
forced to do so by the soft metal engaging the sev¬ 
eral grooves. The operation of working Is the same 
as previously described. 

Modern Method of Rifling a Muzzle-loader — 

The method which will be used is to drive a short 
oiece of lead, the size of the groove diameter and 


about 1 inch long, through the barrel. Then chuck 
this in the collet of the bench lathe and drill a Y\ fl¬ 
inch hole through the center. Take a piece of 
inch cold-drawn steel rod 4 feet in length; turn the 
end to ; J/ ir .-inch diameter, 1% 0 inch long, or just 
so the lead plug will press on. Also thread the end 
with a 10 x 32 die. Tap a short piece of the 1 %.|- 
inch rod for a nut, filing two flat sides so it is pos¬ 
sible to tighten the lead plug on the rod. The 
rod must have a straight line marked the full 
length—this can be done in a lathe by setting a 
sharp V-tool in the tool holder and drawing the 
carriage back. Start the rod through the barrel and 
mark the muzzle where the straight line begins. 
The length of the barrel is 36% inches; in that 
length the straight line will make just a little less 
than % inch of a turn, and as it comes out the 
breech end, requires the full turn of the rod. There 
would be 12 inches more of the barrel needed, so 
the twist must be between 49 and 51 inches. The 
next stage is to drill and ream a % e -inch hole into 
six 2-inch-long brass plugs, for you will need that 
number to start with. Turn these on an arbor 0.003 
inch under the groove diameter. The width of the 
land is 0.087; this is the proper width of slitting 
saw to use on the milling machine. All the opera¬ 
tions are now* done on a Universal milling machine. 
Procure an American Machinist Handbook, turn to 
the section on spiral milling to find the proper gears 
to use to cut a spiral, which will be one turn in 50 
inches, and drive this through the barrel. Upon 
examination you will find the edges of lands turned 
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too much. Gear up for 52 indies, and if you find 
that this is too much, give another trial between 50 
and 51 inches. A number of trials are made until a 
plug will go through freely; this determines the 
proper twist of rilling. In one particular rifle the 
twist of the rilling was one turn in 50.26 inches. 
The next operation is to ream the bore, measure 
the muzzle to determine the proper size of finishing 
reamer to make, and allow enough to secure a fin¬ 
ished bore to the muzzle. Nearly all these muzzle¬ 
loading rilles are very badly worn at the muzzle 
due in most cases to using a steel ramrod; this was 
the chief reason why they proved so inaccurate as 
they became older. 

The reamers are made spiral, for only the tops of 
the lands are cut. li thorn were just a straight hole 
without any lands, a straight fluted reamer could 
he used, but when rilling, there are obstructions 
which the straight fluted reamers would catch, pro¬ 
ducing a very poor hole. A spiral reamer rids the 
rilling entirely of chatter and tear on the lands. 
Chapter IX illustrates the correct method by which 
to make the reamers used on this rille barrel. Tt 
will be necessary to make three reamers to obtain 
the proper results: No. 1 roughing, \o. 2 rough¬ 
ing, and No. 3 finishing. To secure the finishing 


tube as the reamer is in operation. 

The next step is to turn a brass barrel plug to 
fit the bore with a center in the end. A hard maple 
piece 2 inches long is fitted to the hexagon end of 
the barrel. Glue this on the barrel, allowing V\ 
inch of barrel to show, and let the glue harden. 
Now chuck the barrel in the lathe, inserting the 
brass barrel plug, and turn the maple piece to a 
diameter which will clear the inside of the steady 
rest so the jaws can be adjusted, as these barrels 
are rather long for the average lathe. The brccch 
end can be set into the hollow spindle a consider¬ 
able distance away, so (hat it is possible to have the 
travel of the carriage at least 12 inches. The bar¬ 
rel is now ready for reaming. 

.Make a Y-block upper and lower to hold the oil 
tube in the tool-post holder in the exact center. 
Remove the tail stock and insert No. 1 reamer from 
the breech end, clamping well between the V-blocks 
in the tool post and connecting the oil tube. You 
are now ready to begin the operation. As the 
reamers are pulled through the bore, use a fine feed 
on the lathe and let the carriage feed back about 
12 inches. Loosen the oil tube, move the carriage 
ahead again to the muzzle, and tighten continually 
to make these changes until the full length of the 



Fig. 137 

A iiuo example of a Weslley Richards percussion-lock double gun. Note the graceful cut-outs where the nipples 

screw into the breech 


size of reamer, turn a brass plug which will just 
enter the bore about / inch and allow 0.003 over 
this size to make the reamer. The reamers are 
made with pilots on both ends. As these are pulled 
through the bore the pilot which enters fhe rifling 
must be 0.0005 under the cutting size of the reamer. 
No. 1 reamer can be made to ream out between 
0.006 and 0.008, and No. 2 to leave only 0.002 for 
the finishing reamer to remove; this gives a very 
highly finished bore. After the reamers are com¬ 
pleted they must be soldered to the end of a piece 
of tubing and oil forced through to the reamer. On 
fhe end of the tube, connect a small rubber hose 
and use a tire pump to force lard oil through the 


barrel is reamed. As the tire pump is connected, 
force a small amount of lard oil into the reamer 
over 1 inch of travel to the carriage as it feeds 
back. Having completed reaming with No. 1 
reamer, continue with No 2 and then No. 3, the 
finishing reamer, which will give a finely finished 
bore providing the reamers have been stoned to a 
very keen cutting edge. 

After the barrel is reamed the grooves arc rc- 
rifled. Figure 134 shows the correct outlines for 
the rifling cutter. Since the milling machine is still 
set up, the brass master can be made as well as the 
rifling cutter. These are then fastened to a 
inch piece of cold-drawn steel with wooden handles 
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and ball bearing for freedom of action when pulling 
the cutters through the barrel. Figure 85 shows 
the lapping rod and gives the correct dimensions. 
This operation is done by hand and is the finest 
exercise to develop chest and shoulder muscles I 
know of. Two methods may be used; either leave 
the barrel in the lathe with the steady rest, or fasten 
it to a solid upright beam or support in such a 
position that it is convenient to work your arms 
free to pull the cutter head through the barrel. 
You can fasten the barrel to the beam by two 
straps and four lag screws. When the rilling head 
is working through the barrel a considerable amount 
of fine chips will accumulate. These must always 
be cleaned out each time the head is pulled through, 
always using the same groove, and marking the bar¬ 
rel and rifling head. Have a pan of lard oil at hand 
and dip the head in it each time. Also pull an 
oil-soaked patch through before entering the head 
so that the barrel will be well lubricated. 

The adjustment of the tapered end plug requires 
but very little to have the cutters take a good clean 
scraping cut. If it so happens that you cannot go 
deep enough with the present adjustment of the 
end plug, make a new one. just a little larger on 
the taper than the first. You will find that when 
the cutters arc made properly the rilling will come 
out clean and distinct. 

Now make up the lapping rod from l % ,-inch 
cold-drawn steel and fasten to the handles. First, 
thoroughly clean the bore. The process on the 


barrel will take about an hour. The barrel is 
lapped from the breech end so that the lapping rod 
is run through the barrel to the muzzle, allowing it 
to set below the muzzle about \\ inch when pour¬ 
ing the lead. Run the rod through from the breech 
end and wind string in the cannelures. This may 
he done before the rod is inserted in the barrel. 
The cotton string is only to prevent the melted lead 
from running down the barrel. Now heat the end 
of the barrel slightly, so the lead will give a full 
and perfect lap, the same as when a mould is at the 
proper temperature. Have the lead hot and pour 
into the muzzle. It is now ready for lapping. Use 
flour emery mixed with paraffin oil. The barrel is 
lapped until highly polished and then finished with 
320M optical emery and rouge to secure the highest 
finish. (See Chapter XVIII.) You will be more 
than proud of your efforts and will be anxious to 
give the weapon a trial on the range to see if the 
stories you have read of these muzzle-loaders arc 
true. 

Locks — Gun locks contain all the mechanism 
there is in a gun, and so, necessarily, they contain 
most of the complication. However, when the func¬ 
tion of eacli part is closely observed and its rela¬ 
tion to its neighbor understood, the gun lock 
becomes, especially in the old arms, a very simple 
mechanism. In reconditioning an old gun it is 
always advisable to take down the locks, clean and 
polish each part separately, and in reassembling, 



Fig. 138 

Flint-lock gun made by H. Nock. Note the outlines of the frizzen 
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make any adjustment or repair necessary. To take 
a lock apart it will he necessary first to compress 
the main spring beyond its normal compression and 
to hold it in compression while removing it. This 
is best done, if you do not have the gunmaker’s 
special tool, with a small hand vise. If it is a 
highly polished spring you will pad your vise jaws 
with some thin leather; screw up the vise until the 
hammer is released from the spring's action, then 
press down the sear spring and let down the ham¬ 
mer. The main spring is now quite loose and you 
will lift it out still held in the vise. Remember just 


Furniture — This term comprises the rest of the 
pieces that make up the gun: the trigger and trig¬ 
ger guard, patch box, butt plate, fore-end tip, etc. 
These you have removed and they also are ready 
for cleaning and reconditioning. These with the 
barrel and locks comprise all the metal work of the 
gun; we shall now describe the manner of cleaning 
and restoring them. First, get rid of the grease 
and then the rust. To degrease, it will be best to 
use a metal tank, and if you arc equipped with a 
bluing outfit, use your pickling tank for this pur¬ 
pose. Make a strong solution of lye or caustic 



Fig. 139 

Early example of Joseph Manton's percussion-lock double gun 


how you grasped it in your vise, and where, so that 
when you assemble you w ill know just what to do. 
The rest of the stripping is easy. It is well to have 
an empty receptacle handy such as a glass jar to 
place and hold your lock parts, and if you have any 
fear of ‘‘getting things mixed ’ you may make a 
tough diagram of the locks before dismounting and 
place this with the parts before the time of assem¬ 
bling. In this, as in every part of gun work, be 
sure to use suitable screw-drivers with untapered 
square points so that your screw slots are not 
marred. Nothing looks so bad on a gun as chewed- 
up screws. 

In fitting a new outside hammer to a lock you 
will find that the greatest care is necessary if you 
arc to retain tightness and precision. The usual 
practise is to drill a hole nearly the diameter of 
the square of the tumbler axis and file out this hole 
until it fits the square. Unless you are expert with 
the file it will be best to file up a square broach, 
and as you file, drive this into the hole. This will 
check lip on your filing and keep the hole square 
and straight. Again I repeat, go slowly and care¬ 
fully in this fitting or a loose hammer will soon 
result. If you have a loose hammer, your only 
recourse will be to peen up the metal around the 
hole with a punch so as to force metal to the hole 
and then refit again. 


soda and boil your parts therein until all grease is 
removed. 'To remove the rust, empty your tank, 
and having made up a solution of binoxalate of po¬ 
tassium, put 2 inches of water in the lank, bring 
it to a boil, and then add the binoxalate crystals. 
The amount of the crystals required will be deter¬ 
mined by the condition of the rust. Add a small 
amount at first, and then more if needed, frequently 
removing the work and noting its action. This 
method will answer well unless the arm is very 
badly rusted; in such case it may l>e better to boil 
the parts in a solution of two parts sulfuric acid to 
eight parts of water, adding more acid if necessary 
to bring the steel out white. After removing the 
rust, boil the parts in hot water to kill further action 
of the acid. As this cleansing will simplify all your 
subsequent work it is well to do it thoroughly and 
painstakingly. 

The next step is to polish all metal parts. You 
will do this, if you have power, on a buffing wheel 
with fine emery paste. If you do not have power, 
fine emery and crocus paper will do the work; but, 
of course, they will require more time. Finish all 
the parts, even those which will be concealed from 
view, for the cleaning and polishing will halt cor¬ 
rosion and will restore the sweet working that is 
such a charm in a gun lock. The barrel will proba¬ 
bly have to be “struck” or filed longitudinally or 
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draw-filed in order to get a smooth unblemished 
surface and then highly polished preparatory to its 
bluing or browning. 

Missing and broken parts must now be made or 
repaired. There is no part, I think, to be made 
that is beyond your ability. The steel parts are 
small and a little forging and more careful filing 
will produce them. 1’hc brass parts, if missing or 
irreparable, are easily cast, as brass melts at a low 
temperature and is easily manipulated. Make up a 
suitable “flask’*' or wooden frame to hold the sand, 
constructing it, of course, in two parts so that the 
pattern can be temoved from the moulding sand. 
You can often patch up the old part with plastic 
wood or some similar substance to use as a pattern, 
but if the piece is lost you will have to make a 
wooden pattern to use in your mould. The more 
accurate you make this the less subsequent filing 
will be required. Remember that metal shrinks in 
cooling, so your patterns must be slightly oversize. 
Remember also that a slight angle must be given 


steel or iron thoroughly, being careful not to touch 
its finished surface with the hands. Plunge it into 
molten brass, heated in a crucible. Remove it 
immediately and let it air-cool. This surface can 
be polished and burnished and antiqued also if 
desired. 

Xow that your metal parts are made and 
polished, refer to Chapter XYI for the bluing and 
browning of steel and the antiquing of brass by 
getting an artificial “patina," as the green oxid is 
called, upon it. After this is done it will be neces¬ 
sary to varnish or lacquer the exposed metal parts 
in order to preserve the color and finish. A good 
varnish for this purpose is made as follows: 

2 or., shellac 
4 oz. dragon's blood 
900 cc. pure grain alcohol 

Dissolve the shellac in the alcohol and add the 
dragon's blood. Apply evenly with a very soft 
brush without heat. 



Fig. 140 

An early example of William Moore's porcussion-locfc double gun 


to your pattern in all its sides, so that it may be 
lifted from the sand without disturbance. Vent 
your mould near the top by inserting a wire when 
moulding and afterwards withdrawing it; and ar¬ 
range, whenever possible, to have your opening for 
pouring so placed that the bottom of the mould 
will fill first. This prevents air bubbles from form¬ 
ing in the casting. Do not heat your metal beyund 
the point at which it first flows freely. 

Often a piece of steel may be substituted for a 
brass part and afterwards brassed. The brassing is 
accomplished as follows: Clean and polish the 


When the barrel and all the furniture are finished, 
the lock-plate, hammer, bridle, screws, sear, and 
breech plug will be given the evanid-bath treatment 
as given in Chapter XYI. When this is completed 
they will be given a coat of the same varnish. 

If an antique appearance is desired on old bar¬ 
rels, it may be secured in this way: After brown¬ 
ing, boil in a logwood solution for one-half hour. 
One-fourth pound of logwood in a bluing tank of 
water will be about the right strength. The depth 
of the color may be raised by polishing on a fine 
wire wheel. Then varnish. 
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Ramrod Pipes — When ramrod “pipes” or 
thimbles are to be made it is a very simple opera¬ 
tion. These pipes may be made of iron, brass, or 
silver, but ordinary sheet-iron is generally used. 
The best thickness is 20 to 22 U. S. sheet-metal 
gauge. This can be cut into strips and rolled over 
a steel rod of suitable size, using a wooden mallet 
to strike them as they are revolved and held in the 
vise. The upper pipe should be 2 inches in length, 
the middle pipe to inches, and the lower 
one about 1 inch. For permanence as well as ap¬ 
pearance a long pipe is preferable. 

To attach pipes to the barrel, the contact points 
of both the pipe and rib or barrel must be hied 
smooth and clean. It is then well to test them by 
inserting the rod and pushing it into place. Mark 
the place on the rib or barrel where the thimbles 
are to be fastened, and remove both thimbles and 
rod from the gun. If they are to be attached to a 
rib, file a spot the length of the thimbles where it 
is to go and fde it of a depth equal to the thickness 
of the metal of which the pipe is made. I)o not 
file too deep or you may cut through the rib so 
that the rod will bind or rub as it is being pushed 
down in place. Have the joint of the pipe come 
in the center of the rib as it is soldered in place. 
Tin the seats on the barrel and the pipe carefully 
over a Bunsen burner or the charcoal forge tire, 
and for a flux use No-ko-rode soldering salts. A 
tinner’s soldering copper is best to apply the solder. 

When the barrel is cool enough to handle, put 
the thimbles on the rod and the rod in place as it 
is intended to be when finished. Coniine the 
thimbles to the barrels with pieces of binding wire, 
using two pieces to a thimble, one at each end. By 
putting the rod in the thimbles and confining them 
thus, there is danger of their being twisted after 
being fastened; by putting on two wires there is 
less danger of their moving while being soldered to 
the rib or barrel. Remove the rod and hold the 
barrel and thimble over the fire until the applied 


solder melts on both the barrel and thimble. When 
all are soldered, let the barrel cool, remove the 
binding wires, and wash with warm water to remove 
any further action of the soldering salts. Scrape 
off the superfluous solder, rub the barrel and 
thimbles bright with emery cloth, and finish with 
the browning operation. Those who may wish a 
fancy thimble, will find one illustrated in Figure 
141. 

Oftentimes ribs are missing on muzzle-loading 
rifles, or are loose. Upper and lower ribs on shot¬ 
guns also may have broken away and must be sol¬ 
dered in place again. To re-solder these parts see 
Chapter XXY, which gives full information on the 
subject. We use the same methods today as were 
used on these arms years ago. 

Fore-end Tips — A great number of muzzle¬ 
loading rifles with short fore-ends have the fore¬ 
end tips either lost or broken, and it is necessary to 
replace them. They are generally cast right on to 
the fore-ends to get a perfect fit. After removing 
the old tip, dress off the wood smoothly and insert 
the barrel in place. Then put a short piece of 
wood in the rod groove, the size arid shape of the 
ramrod. Let this piece project 4 or 5 inches, for 
it serves a double purpose; it prevents the metal 
from flowing into the hole, and at the same time 
makes the hole to receive the ramrod. Now, wind 
thick paper around it -smooth white bond paper is 
best. Also cover the stock and barrel adjacent to 
the tip with heavy paper and tic it firmly and 
closely to protect them against the hot metal. See 
that the space between the paper and the wood is 
left large enough so that the metal can be dressed 
down a little. Cut little notches in the wood to 
key the metal to it more firmly. Fix the gun in an 
upright position so that the metal will flow evenly. 
Always heat more than is actually needed for the 
tip, so that any dross will float to the top and can 
be sawed off. File and polish to the finished form. 



Fig. 141 

The silversmith's art applied to the ramrod thimble of a better-giade muzzle-loading rifle. Made one hundred years 

ago 
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The best metal to use for tips is block tin, as it 
remains white when polished. If you wish the tip 
harder, add a little antimony. 

Nipples — Nipples often are broken or missing, 
and these have to be taken into consideration in 
order to make a percussion arm complete. There 
are a great variety of nipples; they are still made 
in England. Their forms vary, and there are as 
many as there are qualities. They may be divided 
into the musket nipple, the sporting-gun and ride 
nipple, and German. The German nipples have 
coarser threads than the American. The English 
musket nipple has eighteen threads per inch, also a 
Hat top and a tapered hole, larger at the bottom 
than at the top. The American musket tube has 
a screw of 24 threads per inch and has a vent 
resembling two inverted cones, meeting in a small 
opening near the center. The top of the nipple 
consequently resembles a narrow circular ring. Of 
nipples used in sporting arms of the percussion 
period, there may be found the broad top, the 
countersunk top, the taper-bored, the countersunk 
taper, the reversed taper, the double reverse, etc. 
All kinds are generally put up with the screw por¬ 
tion made in various sizes. The threads also vary, 
being as coarse as 18 per inch and as fine as 40 per 
inch. 

It is also necessary to make a nipple wrench, to 
remove and put these in place. This can be bought 
in England if one does not wish to go to the trouble 
of making it up. With an unsuitable wrench one 
will frequently break a nipple at the square if it 
should be very hard, and then it is difficult to 
remove. 

Forming Decorative Metals — You will find 
that most of these arms are highly decorated, and 
if any embellishments are missing, such as a silver 
inlay, you will be able to give full scope to your 
artistic abilities. In shaping silver under the ham¬ 
mer, no heat will be necessary. The metal is so 
malleable that it may be drawn into any shape by 
simply hammering it cold. The only difficulty like¬ 
ly to be encountered in this kind of work will be 
the hardening of the metal under the influence of 
the hammer, but this may be eliminated by heating 
the silver to a dull red and letting it cool gradually 
without quenching. Care must be taken not to 
heat it too much above the dull red color, as it 
melts quite easily. After forming silver to its gen¬ 
eral shape, file it down to the desired shape, and 
finish with a fine file. Then polish with fine emery 
and work it over thoroughly with a burnisher. Buff 
with rottenstone, and when a particularly fine finish 
is desired, buff with rouge. 'To clean silver, wash 


well with a little spirits of ammonia reduced in 
strength by twice its bulk of distilled water, then 
rub dry and bright with soft leather. No kind of 
polishing powder will be necessary. Some men 
clean silver by first washing it with diluted hydro¬ 
chloric acid, then immediately covering the surface 
with dry prepared chalk, brushing off the surface 
and rubbing clean with chamois skin. This acts 
very well, but care must be taken to get the acid 
thoroughly cleaned off, else it will have a tendency 
quickly to tarnish the silver again. 

Copper is almost as malleable as silver, and 
works very well under the hammer in a cold state. 
Heat adds nothing to its malleability, altho, as in 
the case of silver, exposure to a low degree of heat 
followed by gradual cooling softens it somewhat 
when it has been rendered hard and brittle by long 
hammering. It polishes very well, but does not 
long retain its brilliancy because of its disposition 
to oxidize. Heating increases its oxidization, and 
repeated heating and cooling would soon wear it 
entirely away. 

The beginner will find that brass was most used 
on rhe old arms, for usually the furniture or fittings 
such as the butt plates, trigger guards, patch boxes, 
etc., were of brass. This material is a combination 
of copper and zinc, and since zinc is not so mal¬ 
leable as copper it renders the brass less malleable. 
Neverthless, it forges out very well under the ham¬ 
mer in a cold state, and this is the only condition 
that it can lx? worked in. Hammering increases its 
hardness rapidly, soon converting it into a very fair 
spring metal. Brass springs are quite common, but 
are seldom used on gun w f ork. They are all made 
by repeatedly hammering or rolling the metal while 
cold; as in the case of both silver and copper, heat¬ 
ing and gradually cooling removes the hardness. 

Ramrods — Often these antiques have the ram¬ 
rod missing, also the thimbles and under-rib to hold 
them. It is well for one to know how to make the 
ramrods, for the weapons are not complete without 
those in place. They are made in two forms: the 
straight rod for the rifle and the tapered rod for 
the shotgun. The wood best suited for this purpose 
is hickory, which is split and then turned into shape. 
Other woods may be used—ebony, snakewood, beef- 
wood, osage orange, etc. Rifle rods are made in 
sizes from inch and larger, according to the 
bore of the rifle; shotgun rods from V 2 to % inch 
in diameter. The measurements given for shotgun 
rods are at the largest diameter. 

To make these rods by hand, the w r ood is split 
as straight as possible and then rough-shaved into 
form, with either a draw-knife or spoke-shave. It 
is then planed square w ? ith a carpenters plane, and 
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the square corners taken off, leaving the rod in an 
octagon form. A few strokes of the plane will re¬ 
move these corners and it will be nearly round. A 
new file and sandpaper will finish it true and even. 
After the rod has been planed square, the best way 
to hold it for removing the corners and making it 
in octagon form is to have a V-groove made in a 
piece of hard wood the length of the rod in which 
to lay it. Otherwise, it will be very difficult to hold 
while using the plane. Round straight rods can be 
finished with a tool like a beading plane, and if this 
tool is of the proper form and the work is turned 
around two or three times during the operation, a 
good rod can be made very quickly. Pieces of 
broken glass may also be used to advantage in re¬ 
ducing rods. Finish with fine sandpaper. 

After the rod is completed, the ends can be 
turned down, and brass tips turned and placed in 
the ends; one end concave to the form of the ball 
and the other for attaching a wormcr, scourer, and 
a section with a slot or mortise cut through it so 
that a patch can be inserted. Care must be taken 
when using such a wiping rod, that it docs not be¬ 
come wedged in the bore on the up-strokc. When 
this happens pour a little warm water down the 
barrel so as to saturate and soften the patch and 
it can then be withdrawn easily. A cold-drawn 
steel rod may be made, but a rod made of hickory 
or any of the woods mentioned has no equal. 

Stocks — Old stocks have usually been varnished, 
and this coating must he removed preparatory to 
repairing and refinishing. This is Ijest done with 
commercial varnish remover, procurable at any 
paint store. If there arc dents these can usually 
be raised by placing over them a check cloth satu¬ 
rated with hot water and pressing with a hot flat¬ 
iron. This will form steam and bring the dents to 
the surface. If wood, however, has been removed, 
the plan will not work, and you will have to inlay 
patches of matched wood. When placing a patch 
in a piece of wood, never follow straight outlines. 
There are no straight lines in nature, and your 
patch must not have any. Follow grain lines as 
far as possible and when you have to cross them 
do it in an uneven and broken manner. It is a 
good plan to take a good-sized piece of board and 
examine its whole surface for a configuration that 
closely resembles the grain you are trying to match. 
Having decided its location, sketch an outline 
which will follow' the natural figure of the wood as 
nearly as possible and cut this out with a small 
jig- or fret-saw. Slant the saw a trifle so that the 
patch will be slightly wedge-shaped. Place the 
patch over its alloted place and with a sharp 
scriber mark its outlines. As pounding on old wood 


should be avoided as much as possible, it is best 
to remove most of the wood in the mortise by 
means of a Forstner bit. This has no spur and 
bores a flat-bottomed hole. Then, with small 
chisels and gouges, cut out to the scribed line. 
Glue both surfaces and clamp your patch in place 
until the glue is dry. 

When refinishing a stock, under no circumstances 
use varnish, for it is not a good finish for a gun. 
There are two better finishes; the quick one is with 
automobile lacquer, which should be applied with 
a spray gun to enable one to get enough body. 
Brushed on, it is most difficult to add material, 
as the brush washes up the underlying coat. This 
is a good finish. Tt. is durable, will stand hard 
knocks, and polishes lo a g<xid luster. It has a 
further advaniagt* in that il can be easily renewed 
and brought back. For maple, this lacquer finish, 
I think, is the best. The other finish is the gun- 
maker's standard finish—the rubbed-oil finish. For 
walnut and similar dark hard woods it has no 
equal. It is a finish that use improves and age 
beautifies. Full instructions for imparting an oil 
finish are given in Chapter XII, Volume I. 

To use varnish remover, saturate a cloth with 
it and rub it over the stock. Allow it to stand for 
half an hour and then give it another wetting. The 
first application softens the paint or varnish and 
the second one loosens. It can now be scraped off 
with a blunt tool, such as a putty knife. Then 
sponge off with another coat, rubbing and scraping 
until the wood is clean. The wood must now be 
rinsed in dear water and benzine until every trace 
of the remover is obliterated. This is essential or 
it will attack the new finish. 

Darkening a Stock — Oftentimes you will wish 
to darken a stock. After all inlays are in place and 
the wood is highly finished and polished, “aging*’ 
a piece of wood is done with acids, either in the 
raw state or in mixtures. Acids produce various 
colors in different woods when used in the raw 
state. First, a piece of sample wood must be ex¬ 
perimented upon with the raw acid. This should 
be used quickly, being allowed to stand from five 
to ten seconds, then washed thoroughly with hot 
water to kill any further action of the acid on the 
wood. The wood is allowed to dry and is again 
polished; then it is given the raw-linseed-oil treat¬ 
ment, letting this oxidize and then polishing and 
using the finishing oil described in the first part of 
the chapter. With this information, 1 believe all 
the essentials for reconditioning can be applied to 
any antique stock, so that it may be put into shape 
to present the best possible appearance for any col¬ 
lection. By all means, try to have the gun look 
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Fig. 142 

Flint-lock double gun made by H. Nock. Note the separate breech plugs, connecting the tang 


as much like the original as possible. 

Antique Finish for Stocks — To give an an¬ 
tique appearance to the stock mix the following: 

oO cc. nitric acid 
IS cc. tincture ferric chlorid 
5 cc. distilled water 

Into the nitric acid put about 150 grains of steel 
filings. Mix in a small stone jar, outside, for the 
filings will cause a reaction in the mixture. If 
steel filings cannot he secured, use steel wool. After 
the action of the acid has stopped, let cool and add 
the tincture ferric chlorid and distilled water. Then 
strain into a bottle. Having this solution prepared, 
take a hall of cotton or a clean cloth. Wet well 
with ammonia and rub over the stock lightly. Let 
dry. Form a new hall of cotton, or use a clean 
cotton cloth and apply the solution to the slock. 
It is best to wear rubber gloves when doing this, 
for if the acid gels on your finger lips, it will cause 
the skin to crack and peel off. Apply the solution 
very liberally. After applying, wash with hot water 
to kill any further action of the acid, and let dry. 
If the color is not dark enough, apply another coat, 
and let dry thoroughly; then polish with No. 3/0 
steel wool and No. 5/0 sandpaper, and polish with 
rottenstone on a rubber pad or sponge to bring out 
a high finish. Next prepare an oil by using: 

1 pint raw linseed oil 
1 alkanet root 
30 cc. turpentine 
200 gr. lampblack 

Boil these, taking care that the turpentine does 
not come in contact with the flame, or it will ignite. 
Let cool, and apply to the stock once every two 
days, until the wood ceases to absorb any more. 
Let stand for one week and polish first with No. 


3/0 steel wool and then with rottenstone on a rub¬ 
ber pad or sponge. The stock will now have a 
wonderfully pleasing appearance, as the color will 
come out with the real antique tone which every 
one admires. 

Ancient Arms — Ancient arms should not be 
refined unnecessarily. Their utility is completely 
at an end. Their only place is in a collection. Care 
must be taken, when replacing any broken or miss¬ 
ing parts, that these are not finished in a manner 
superior to the original parts. Much of the metal 
work was beautifully forged but had no other re¬ 
finement. The new' work must be of the same 
quality, showing the same delicate hammer work. 
The finished work, if placed in sulfuric acid, will 
have the effect of metal eaten with age. 

Flints for Flintlocks — The real old gun that 
looms so big in America’s early development and 
in her struggle for independence was the flintlock; 
this gun must always remain a picturesque re¬ 
minder of those spacious days. It is still with us 
in goodly numbers, and good specimens can be ob¬ 
tained by the collector. For this reason we shall 
add a few words about the flints that constitute 
the salient points of these guns. Flints for guns 
and tinder-boxes are manufactured even today, and 
the trade-name for the men and women who make 
them is “knapper.’’ This craft name has almost 
disappeared, except in the vicinity where flints are 
still made; but it survives in the surname Knapp. 
The sole remaining place where the industry of flint 
knapping flourishes is at Brandon-on-the-()use in 
England. Today the Brandon knappers still make 
and ship flints for guns to Central and Western 
Africa, and make “strike-a-lights” and tinder- 
boxes for Central Europe, where the peasants prefer 




RESTORATION AND PRESERVATION OF ANTIQUE FIREARMS 


333 


them to matches. This industry at Brandon far 
antedates firearms, lor we know from discovery of 
the deer-horn cleaving tools and flint arrowheads 
in the vicinity of the old workshops that llint im¬ 
plements have been made there since the stone age. 

The best flint for cun work is the most translu¬ 
cent of the common black chalk flint. It should 
be put in with the flat side upwards, standing clear 
of the hammer, yet long enough to go through it. 
Fasten it in with leather washers, as lead strains the 
lock and cloth is dangerous, for it is liable to catch 
fire. If you are very particular about the neat ap¬ 
pearance of your gun, make a punch for stamping 
the leather, and change it as often as you put in a 
new flint. 

To make a flint, strike lower, you have only to 
reverse the usual way of putting it in; but if you 
want it to strike higher, you must either put in a 
very thick leather washer, or screw the flint in with 
something under it. This temporary way of regu¬ 
lating a lock to make the hammer fall is worth 
knowing as it often saves a lot of lime. To get the 
flint to throw a good spark, place fine cross lines 
on the frizzen with a fine slitting needle file, care 
being taken not to get these too deep. 

In concluding this chapter a word must lie said 
about the old Kentucky rifle. The backwoods 
hunters who used the long Kentucky rifle had a 
very imperfect idea of its capabilities. These guns 
were provided with a rear- and a fore-sight. The 
sight was immovable and could neither be raised 


nor lowered, consequently the gun could not be 
adapted to circumstances of long or short range. 
The elevation of the sight usually crossed the line 
of vision and that of the flight of the bullet about 
100 yards distant; hence shooting at a shorter 
range was apt to be a little too high and at longer 
range too low. In those days of pioneer life on the 
frontier, “match shooting" (it was not called target 
shooting then) was very popular and was always 
confined to a certain distance; 60 yards off-hand, 
or 100 yards with a rest. The marksman was per¬ 
mitted to take his choice of modes. The prize in a 
“shooting match*' was usually beef. A fat ox was 
put up to be shot for at so much per shot, which 
was something on the plan of the modern raffle. 
When the amount asked for the animal had been 
made up, the shooting commenced. The best shot 
took first choice, which was one of the hind quar¬ 
ters of the ox; the second-best took second choice, 
which was the other hind quarter; the third-best 
took third choice, which was one of the fore quar¬ 
ters: and so on to the fifth choice, which consisted 
of the hide and tallow. Happy occasions, indeed, 
were those old “shooting matches,” and splendid 
indeed was some of the shooting. A regular at¬ 
tendance upon target matches of more modern 
times with all modern appliances, in the hands of 
marksmen with national reputations, has never 
shown us better shooting at 60 yards off-hand, or 
at 100 yards with a rest and open sights. 

After these old percussion rifles have been given 



Fig. 143 

Flint-lock double gun made by E. Baker 
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the necessary overhauling: to secure the fine shoot¬ 
ing qualities that they were once capable of, the 
beginner will take great delight in their use. If he 
is so fortunate as to own a real Kentucky rillc in 
fine condition, there is no greater thrill than testing 
for skill of marksmanship, holding the rille on the 
object while the flint falls, seeing the flash and then 
hearing the explosion. Modern arms are simple, 
but if we could develop the art of holding as our 
forefathers did with such weapons, modern arms 
would be more than simple to use. 

I can not help but express great distress at the 
way some of the old rifles are worked over or re¬ 
conditioned by some collectors. Some of these men 
cannot be approached on the subject of proper 
finishes, for they have their own ideas about them, 
regardless of right or wrung. Picture for yourself 
a fine old Kentucky rifle with a well preserved 
maple stork inlaid with silver and brass furniture, 
after the stock has been sanded down, the beautiful 
wood given a dark French polish, and the brass 
furniture and steel parts buffed to a high finish. 
Then picture, if you can, how this rare old piece 
would look if it had been given a coat of varnish. 

Reconditioning old arms and placing them again 
in working order requires considerable forethought, 
especially when parts must he made that arc miss¬ 
ing. This is usually simple but laborious, for you 
must be able honestly to term the work hand-made. 
By all means do not make any additions to, or 
change, these arms in any way, for they may he 
very valuable some day for their authenticity; if 
this is detracted from in any way the arm will be 
worthless. It is permissible, of course, and often 
more interesting and practical, to remodel certain 


types of obsolete arms, making them useful for ex¬ 
perimental purposes. 

1'he late financial depression has revived many 
curious things. We find men doing things more 
simply because they are more economically done 
that way—things that our grandfathers did. 
Strange, is it not, how* the lack of money reduces 
the status of the civilization by which we measure 
culture—how we are made to realize that wealth 
is the principal factor productive of our great 
“machine age ? Among the many ‘regressions to 
the primitive” I find that some of my correspond¬ 
ents and sportsmen friends refuse to give up shoot¬ 
ing simply because they cannot afford standard 
ammunition for their arms. These tenacious souls 
have unearthed old muzzle-loaders, percussion¬ 
loading shotguns, and even some old cap-and-ball 
revolvers. 

One can always cast his own bullets from lead 
found in a scrap yard, plumbing shop, etc. Black 
powder and the percussion caps can be purchased 
very reasonably: in fact, black powder can be 
made by any one who will use care in its prepara¬ 
tion. It is very simply compounded as follows: 

75% potassium nitrate* (saltpeter) 

10% sillier 

15% charcoal (willow) 

Before the wood is placed in a retort, remove all 
traces of bark. Ileal between 550 and 600 degrees 
Fahrenheit; bake imlil wood becomes porous. 
When it is completely made into charcoal, let it age 
two days before using. 

Flowers of sulfur will not prove satisfactory. 
Use only the stick sulfur and grind to the size which 
will prove most suitable for your particular needs. 





Fig. 144 

Flint-lock doable gun mad© by Twigg. Note the solid breech 
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T HE open season for game is comparatively 
short, and today there is no immediate pros¬ 
pect of its being lengthened. Trap shooting is 
admittedly an artificial means of enjoying our well¬ 
loved shotgun, but until the hawks and crows and 
other pests of that category pass into extinction we 
shall continue to experience the genuine thrill of 
the sport it was intended for. Because of the great 
variety of uses it is adapted to, it has been placed 
among our greatest mechanical achievements in the 
development of small arms. There are few articles 
fashioned by man for use in which more features 
of beauty and utility have been harmoniously 
blended than in a fine shotgun. The untiring 
efforts for improvement on shotguns in the past 
fifty years have added much to our knowledge of 
these arms, particularly those of the British makers 
and craftsmen. The love of beauty is inherent to a 
greater or less degree in us all, and those possessing 
the keenest appreciation can admire a shotgun 
every day in the year and exult in the pride of own¬ 
ing such a work of art. 

I must be excused from trying to describe the 
perfect shotgun, for I would be tempted to select 
the arms of the British; being unaccustomed to 
superlatives, I shall let the reader judge these him¬ 
self. No type of arm is so susceptible to refine¬ 
ment and embellishment as a shotgun, and it is a 
recognized fact that, men will spend more money 
for such ail arm than for any other, in order to 
have the best quality of materials and workman¬ 
ship. Skilled men who build such arms are fast 
disappearing, and the younger generation does not 
seem to have the patience or perseverance to devote 
the years of painstaking application requisite for 
the title of “expert.” 

There is but one other human sentiment which 
may fairly be said to challenge our appreciation of 
the beautiful for first place, and that is our inborn 
admiration of strength and power. In our never- 
ending struggle upward, these qualities mean very 
much to us in the way of furnishing sustenance for 
our ever-hungry progeny and protection from co¬ 
existing nature and reality. Therefore, to insure 
our continued existence here on earth we must pos¬ 
sess weapons according to our social standing 
among the mass; but since we have not all been 


placed upon this earth in equality, all of us cannot 
fill our cup of joy with the best. Accordingly, the 
makers of arms try to have a variety within the 
reach of every individual requirement, and he who 
is not so fortunate as to own the best can neverthe¬ 
less own an arm that he will cherish as tho it had 
been made for a king. 

If the student wishes to become a careful work¬ 
man on the belter grade of shotguns he must not 
only he mindful of the work on the gun, but be 
careful in his treatment of all work entrusted to 
him. Skill calls for careful application of princi¬ 
ples, and that can come only from long hours of 
diligent practise upon one or more subjects; there¬ 
fore, a temperate mind free from worry must be 
maintained to carry out some of these undertakings 
on the mechanical arrangements in some of our bet¬ 
ter arms. Pride must also enter into the best work 
on these weapons, and above all, there must be a 
guiding mind intent upon the fashioning of a weapon 
to its ideal. 

Some men like to take their shotguns apart and 
put them together again. In a number of cases this 
is not requisite, for it does not in any way add to 
the general efficiency of the gun, particularly when 
the proper tools are not at hand. In some instances 
I have recommended removing the locks and strip¬ 
ping the action, but T would not advise the same 
treatment for a twn-thousand-dollar weapon as I 
would for the mediocre run of shotguns. If any 
repairs should be necessary on a high-grade arm, 
and if a competent man is not within easy reach, 
the student himself must endeavor to make these 
repairs; but it is not advisable to practise on any 
gun that functions satisfactorily. 

Because of the numerous and complicated shot¬ 
gun actions made, it is next to impossible to give 
directions for them all in one chapter; the subject 
must be treated as a whole and due allowance made 
on the instructions given. Many shotgun actions 
puzzle an expert gunmaker to take apart and re¬ 
pair. To a trained mechanic who can study the 
actions as he takes them apart, however, will come 
a thorough and direct understanding. He will use 
the greatest care and forethought in every move 
and recognize the advantage of not marring the 
finish of so much as a screw head. 
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As seen in the instructions in Chapter XXIV, 
Volume I, on the cleaning and oiling of guns, many 
little kinks enter into our methods of working on 
a lock. In a side-lock gun, for example, the main 
spring is removed first; this is done with a gun¬ 
spring clamp or a pair of lock vises. If you do not 
have these tools, a damp can he made by filing 
a notch or slot in a %-inch piece of sheet metal, 
the size and width of a main spring when it is at its 
full compression and the tumbler in its cocked 
position. Slip the notched piece of steel over the 
main spring, release the sear, and push down the 
hammer. Since the spring is firmly held in the 
clamp, it is an easy matter to remove the rest of 
the mechanism. 

There are numerous little untold ideas, and the 
student is left to solve many problems found in 
disassembling and assembling a gun lock, especially 
if the arm is at all complicated. The first consider¬ 
ation is that of the essential tools. These usually 
consist of a good set of screw-drivers to fit differ¬ 
ent-sized screw slots, padded vise jaws of felt, 
spring clamps, special fixtures to compress main 
springs in box actions; a complete set of auger- 
brace screw-drivers to remove screws which cannot 
be started with the hand tools; fine oilstones, lap¬ 
ping rods, fine Hour emery, fine pillar and needle 
files, dent raisers, and various other tools described 
elsewhere in these volumes. Screw-drivers are the 
most essential tools in the Ii3t. Nothing so mars the 
appearance of a fine arm as the heads of screws 
spoiled by having a driver slip and turn up a bad 
burr on the head. Screw-drivers cost very little in 
time or money, and when made with the straight 
portion fitted well down into the slot, they never 
slip. If hand pressure does not remove a screw, 
the brace screw-driver may be employed. Do not 
hesitate to grind the point of a driver to fit some 
particular screw slot. If it is constructed as 
described in Chapter I, Volume T, these ends can 
be ground a number of times, as they have been 
made for just such purposes. If you should at¬ 
tempt to make or buy screw-drivers for every 
known width and diameter of screw head found in 
shotguns, your collection would mount to the same 
figure as a wood-carver’s set of chisels—over one 
hundred. 

Choke Boring — The student should not be 
misled into believing that this operation alone pro¬ 
duces a satisfactory pattern in any gauge. True, 
some wonderful results are obtained in this wav, 
but the priciples involved in producing this mys¬ 
tery must be better understood. The controlling 
factors must be made more clear, and the reason 
why a certain boring will give a particular pattern 


and why other methods will give the opposite re¬ 
sults must be comprehended. Different manufac¬ 
turers of shotguns have their own standard methods 
of putting chokes in shotgun barrels; some are 
good, some fair, and others just impossible. The 
last-named are the cheaper arms in which they 
have swaged the muzzle in order to place a choke 
at the end—a very crude and cheap way of doing 
this operation. This is often referred to as a “jug 
choke” by old-timers who were accustomed to han¬ 
dling the cheap Belgian arms which at one time 
flooded this country. Some owners of these arms 
even placed the muzzles in a vise to give the end 
of the barrel an elliptical form, using the expres¬ 
sion, “To give me a slathering shot on game.” I 
dn not believe there is any topic that has been more 
hotly discussed than barrel choke in shotguns; even 
today it is not understood, nor has it been settled 
correctly in a number of minds. I am not going to 
try to argue it out, for ammunition is too strong an 
antagonist against any argument. The term “choke¬ 
boring” appears to have originated back in the 
muzzle-loading days and to have been carried to 
the breech-loading system with a better under¬ 
standing of its merits. 

To the American or British sportsman the term 
“choke bore” simply means that the diameter at 
the muzzle is less than the diameter at some point 
behind the muzzle, and that these bores are made 
in various lengths. Any shotgun barrel constricted 
at the muzzle to the extent of 0.005 inch may be 
termed a modified cylindrical bore. A full choke 
may be reduced to the extent of 0.030 inch. Some 
even constrict the choke more, but this is rarely 
seen on the best arms; the greater reductions arc 
only found on the cheaper arms. After passing a 
certain limit in reduction the choke always defeats 
its main object by giving irregular patterns; often 
it reduces the pattern to such an extent that it does 
not open, except at a certain distance, which often 
varies. The larger the bore, the greater must be 
the reduction at the muzzle; therefore, we cannot 
use the same figures for a 20 as we could for a 12 
gauge. The reduction of the bore, to be effective, 
must finish close to a given length, and that should 
be approximately 1% inches or less. When made 
over 1 inches in length, certain makes of am¬ 
munition must be used in order to find the best 
load for that particular choke. When the opposite 
extremes are found, such as the short choke at 
the muzzle, all objects are defeated, and whatever 
is done in trying to make various corrections only 
leaves a mediocre gun in one’s possession. There 
are guns with reduction of the bore three inches or 
more from the muzzle which fail to throw the shots 
close together, but there is greater penetration than 
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from a swedge choke. Such a condition can be 
lapped out with a recess choke and will produce 
some beautiful patterns. Some barrels are bored 
oversize and still have the correct diameter of re¬ 
duction at the muzzle. How often we see a man 
take a ten-cent piece from his pocket to see if it will 
enter the muzzle! Such a test does not do justice 
to the true conditions. It is an established fact 
that if a coin will go in one barrel and not the 
other, it tells without a doubt that one is a choke 
bore and one a cylinder. This test is similar to 
using a “go” and “no go” gauge where the limits 
are large but the size between is unknown. At 
times 0.002 or 0.003 inch makes a vast difference. 
Suppose that the bores of both barrels are deter¬ 
mined by the coin method and one is cylinder and 
one choke. How often have you shot a barrel 
tested by this method and found that your sup¬ 
posedly choked barrel gave the poorest pattern, 
while the barrel which the coin dropped into gave 
the best! This condition is caused by overboring 
and can be corrected only by reloading your own 
ammunition and using a larger-sized wad to hold 
back the shot column. 

When making a choke-bore barrel, the manufac¬ 
turer leaves it 0.050 to 0.060 inch smaller than the 
gauge it is intended for; in a 12 bore, the bore is 
left about 0.690 in diameter. The barrels are bored 
within three inches of the muzzle with a standard 
boring tool, using a piece of white pine as a “spriU” 
and paper liners to bring it up to the desired size. 
The tool, however, is allowed only to come within 
the specified distance and then withdrawn. This is 
rather a tedious process, it being rather difficult to 
remove the metal from that part of the barrel 
nearest the muzzle. After sufficient metal is re¬ 
moved with the boring tool another boring tool with 
a taper on the end is inserted. This tool is of a 
different nature from that of the boring bit; it is 
chamfered off toward the point in order to give the 
desired shape to the cone of the choke and the flat 
between the top of the choke and end of barrel. 
By the use of such a tool the choke is kept per¬ 
fectly straight and true with the barrel. This 
operation is not used by all shotgun makers—some 
bore the barrels to the desired choke size and use 
the same tool to bore out the barrels to the gauge 
required. 

It is the practise of the manufacturers of cheap 
shotguns to bore the barrels cylindrical, or nearly 
so; then reduce the muzzle from the outside by 
forcing the end into a die until the internal 
diameter of the muzzle is about 0.040 less than the 
bore. This is a very cheap way of accomplishing 
the desired results, and is therefore regarded as a 
makeshift plan. Nevertheless, the barrel is choked, 


which answers for a lot of defects in other par's 
of the bore. 

After the rough-boring operation takes place, the 
fine-boring follows. Of all the processes the shot¬ 
gun barrel passes through in the course of produc¬ 
tion, fine-boring is the most important, as upon its 
proper finish the shooting of the barrel is entirely 
dependent. The term “fine-boring” is included in 
all that is done to the inside of a gun barrel a.‘ter 
the rough-boring previously described, and enough 
is allowed for this operation. The operations are 
as follows: rough-turning of blank, drilling, ream¬ 
ing, turning, rough-boring, choke-boring, fine-boring, 
chambering, lapping or final polishing. 

The fine-boring by which the inside of the barrel 
is enlarged to the required bore size, allowing 
enough for the final lapping operation, is done on 
a reaming machine. Various manufacturers have 
special machines which have been in use for a num¬ 
ber of years. The tool, however, revolves at 
scarcely half the speed of the rough-boring reamer, 
and cuts on one edge only; whereas, the rough¬ 
boring and choking tool cuts on two sides. The tool 
is made to fit the barrel by means of a piece of 
hard wood packed with strips of paper between the 
wood and tool to fit the bore. This makes a scrap¬ 
ing cut, removing only 0.002 inch on each passage 
of the tool into the barrel bore. A free supply of 
the best lard oil must be used as a lubricant, not 
only in this operation but in every operation where 
a tool of this nature is used. By using the same 
tool with additional packing it can be made to bore 
several sizes out of the barrel. The tool has but 
one sharp edge; the other is rounded and stoned to 
a high polish, which acts as a burnisher, while the 
two remaining edges are prevented from touching 
the bore by the wooden “sprill.” The amount of 
“cut” is regulated by the packing, usually one 
pajKT liner inserted between the tool and the wood; 
the thickness of that paper is determined by the 
amount desired to be removed each time between 
the bore and the tool when the bit is next inserted. 
The tool is ground square, as Figure 55 illustrates, 
and is fifteen inches long on the cutting sides; this 
length centers itself better in the barrel and also 
has a tendency to keep the bore straighter. The 
tool turns in these operations and the barrel is held 
stationary in a fixed carrier which has considerable 
freedom on the head of the carriage. The tool fits 
quite loosely in the head, in that way acting as a 
floating reamer. 

After the barrels are bored to the desired size 
they are chambered. Two reamers are used, one 
roughing and one finishing, but to obtain the finest 
chamber and cone, a burnishing reamer should be 
employed. Make them to the desired chamber 
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diameter and for the gauge intended. The cham¬ 
bering operation is accomplished in a lathe with 
the dead center placed in the center of the reamer. 
The reamer is turned with a tap wrench and grad- 
ua\\y forced in with the tail-stock screw. The 
chamber and cone must be in exact line with the 
bore of the barrel; so the reamer is provided with a 
pilot which projects ahead of the cutting portion 
and centers itself in the bore of the barrel, which 
it must fit with about 0.0005 inch clearance be¬ 
tween bore and pilot. Often a bore is left 0.006 
inch smaller than the standard size in order to try 
for closeness of pattern; whereas the chamber is 
always to one size and the pilots of the chamber¬ 
ing tools must fit the bore of the barrel. When 
that size is made a standard to test by, it will be 
the smallest size ever to be required for testing 
purposes; whatever is taken from the bore is ob¬ 
tained by its final finish, completing the test after 
the gun is finished or before the bluing operation 
takes place. 

The proper shape at the end of the chamber, 
which is a gradual taper into the bore, is called a 
“cone.” Different manufacturers have various 
lengths of cones, some short and some rather long. 
The correct length is about inch. Figure 145 
illustrates a 12 and 20 gauge chamber in which a 
tolerance has been given for the cone; this is a 
flexible length, hence the large variation. A cone 
should never be made abrupt; at times a much 
longer cone is required, but it should never be any 
shorter than the given length. 

How many barrels do we come upon that seem 
to have a perfectly straight bore from chamber to 
choke, or to muzzle, aside from the finer shotguns 
where great care has been used in the lapping 
operation? What is known as a true cylinder bore 
is a barrel that is not “choked”; that is, there 
should not be any point between the barrel and 
chamber, nor should the end of the cone to the 
muzzle have any variation in size. If any, it should 
never be more than 0.002 inch in different places 
throughout the entire length. 

Figure 145 illustrates the four usual forms of 
“choke”; No. 3 is the “recess choke” in a choke 
barrel which is often seen in a number of foreign 
guns. No. 4 is the “swedge choke” or jug choke 
found on cheaper arms. The only method of pro¬ 
ducing No. 1, the true “cylinder,” is by the lapping 
operation. 

The final polish to the interior of the bore should 
be a mirror-like finish instead of just a polish such 
as we see in the bore of almost all guns completed 
with the finishing tools and never lapped. This 
mirror-like finish of the barrel, to which regularity 
of shooting is due, is produced by a process which 


very few manufacturers use except on the best- 
grade guns, for it entails an added expense. A bar¬ 
rel highly finished will be known by the remarkable 
closeness of its shooting. Such barrels are obtained 
with a long lead lap coated with fine flour emery 
and paraffin oil as a lubricant. This process may be 
accomplished with the aid of the same reaming 
machine that is used for reaming or boring the bar¬ 
rels, except that the speed must be increased. A 
lathe may also be used for this operation by con¬ 
structing a special holder to be fastened to the com¬ 
pound rest. As the lap is passed back and forth 
through the barrel from end to end, a perfectly 
true, highly polished surface from chamber to 
choke is obtainable. 

The lap is cast on the end of a cold-rolled steel 
rod and then turned to the required bore diameter. 
The lap is kept constantly covered with emery and 
oil. After every little tool mark is removed a new 
lead lap is cast upon another steel rod and this is 
used with rouge or Vienna lime and oil. 

As the barrel is fixed on the carriage of the ream¬ 
ing machine or lathe and the lap is inserted and 
set in motion the barrel is moved back and forth 
very slowly along the revolving lap in order to 
form the inside surface perfectly and remove any 
slight inequalities that may have been left by the 
finishing boring tool when this operation took place. 
It will also finish it as finely as possible, which is 
necessary if high-class regular shooting is to be ob¬ 
tained in the hands of good shots. Such a lapping 
operation renders the barrel more easy to clean 
and makes it less liable to lead or even foul. Too 
much care cannot be given to this operation, owing 
to the speed at which the lap revolves. A barrel 
being bored very thin at the muzzle is apt to bend 
nut or (he ribs may be loosened or twisted because 
of the heat generated by the lap, so during this 
process water should be freely applied to keep the 
barrels cool. 

After knowing the methods and principles used 
for choke-boring a shotgun barrel, the next problem 
is to know r the proper results of the efforts applied 
to accomplish these various patterns. As an ex¬ 
ample, let us suppose that the gun is more or less 
choke-bore; to dispense with any choke in one 
barrel is to sacrifice efficiency, for chokc-boring is 
the only method by w'hich the outward expansion 
of the shot can be controlled. The amount of choke 
best suited to any shotgun will depend upon the 
particular thing for w r hich the arm is to be used 
and the skill of the user. A trap gun does not re¬ 
quire the lull choke which most of them have, yet 
it needs enough so that the gun can be shot either 
on the 16- or 28-yard line, and give a good pattern. 
When deciding the amount of choke, it must be 
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borne in mind that the pattern shown on any target 
does not fairly represent the position of the shot at 
any gun mount. Assuming that a certain ammuni¬ 
tion has been found best suited to the choke, some 
individual velocities go ahead while others lag be¬ 
hind, and so actually the pattern is never exactly 
what the target represents it to be. A full-choke 
barrel is for sizes bette* than a cylinder; that is, a 
barrel much larger would be needed to shoot a 
heavier load and so make an equal pattern; there¬ 
fore, at long ranges a larger barrel and heavier 
loads could never equal a choke-bored barrel. Un¬ 
fortunately, lliis is only found when great care has 
been given to the interior finish of the barrel, and 
a number of trials are sometimes required to find 
that performance on the targets at various dis¬ 
tances. The principal advantage of a true cylinder 
bore is that it possesses a larger killing circle up to 
20 yards, and beyond that range the second barrel 
must come into play with a choke to vary for the 
purpose intended. 

Many men picture the shot column as passing 
through the choke or constriction in its original 
form. This does not actually happen. Spark 
photography showing shot charges emerging from 
the muzzle at various stages of their flight prove 
that the shot column is completely intact, the in¬ 
dividual pellets of the charge having been acted 
upon directly or indirectly hy the taper walls of 
the choke shown in Figure 145. The original forma¬ 
tion of the charge has been changed and the initial 
direction of its movements, especially regarding the 
outside pellets and those adjacent, has been altered. 
When the charge begins to expand as shown in 
photographs, the breaking up is not due entirely to 
the action of atmospheric pressure, but also to the 
fact that the pellets which were originally at the 
bottom of the column have been deflected toward 
the top. Those to the right taper to the left or 
vice versa; therefore, each individual pellet that 
makes contact at the tapered choke is deflected 
from its original direction of flight, and these de¬ 
flected pellets change the course of the pellets near 
them. The result is a closer grouping of pellets 
than could ever be had with a true cylindrical bore. 
A cylindrical bore tends to expand the shot upon 
emerging. 

Tt is agreed that the last influence the barrel has 
on the shot column is at the choke, and it is evident 
that the tapered part of the choke deflects the pel¬ 
lets from the straight line of their original flight 
and causes them to cross the line of aim and strike 
the paper on the opposite side from that which 
they occupied in the gun barrel. It is further 
evident that some of the pellets in the center of the 
load are not affected by the deflecting disturbance 


caused by the passage through the choke, and these 
pellets carry nearly true to the center or in a 
straight line. All this explains why an overchoked 
gun makes a poor pattern, or too acute an angle to 
the leed, making the flight of the outer layers of 
pellets expand and consequently causing open pat¬ 
terns. 

The mathematically inclined student can prove 
with figures, the action of the angle on shot 
charges, if passed through a choke, as shown in 
Figure 145, No. 2. Take a 12-gauge barrel as an 
example, with a 2.5-inch length of choke; the taper 
leading to the cjdindrical portion, we shall say, is 
1.5 inches. The bore of a 12 gauge is 0.729 inch, 
while the cylindrical section of the choke is .695 
inch, giving a total constriction of .034 distributed 
over the 1.5-inch length of taper. The taper on 
one side would be 0.017 inch, or half the total con¬ 
striction of 0.034 inch. A 40-yard range contains 
1.440 inches and is 960 times the length of the 
taper (1.5 inches); however, the deflection at the 
target would be 0.017 inch multiplied by 960, or 
17 inches from the center of the pattern. There¬ 
fore, if one shot pellet could be fired from a shell, 
and it followed along the surface of the bore, it 
would be deflected upward when it reached the 
tapered leed, and would strike the target approx¬ 
imately 17 inches above the center of impact of the 
full-shot charge. This illustrates, in theory, the 
tendency of the choke, leed, or taper, to influence 
the direction of flight of shot pellets. All inside 
pellets are given this deflection by the choke; how¬ 
ever, many of them are acted upon by other forces, 
which to some extent counteract this effect of the 
choke. Fine patterns are possible from a full- 
choked barrel, finished by the reamer and not 
lapped, but only for a few shots, no matter how 
perfect the reamer or how fine the boring tool has 
left it. Tool marks will gather sufficient lead to 
produce irate and patched patterns when chilled 
shot is used, and after that trouble starts. Friction 
then takes place. The shot column against the 
inner surface of the barrels, up until the time it 
reaches the taper or beginning of the choke, is in¬ 
tact. But in the portion of the bore directly in 
front of the choke or restriction, friction is con¬ 
siderable and causes leading. The introduction of 
coppcr-platcd shot will minimize the leading, as 
the copper coating forms a hard outer surface, and 
a good many charges can pass through a barrel 
before the copper deposits will equal the deposits 
of lead left by the few loads of old-style chilled 
shot. Lapping must take place until a mirror-like 
surface is produced in the choke and taper to elim¬ 
inate any lead fouling. 

From this simple explanation, the student should 
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acquire a basic understanding which will enable 
him to experiment with the various degrees of 
choke boring; for, as we know, actual experience is 
the greatest of masters. If you are interested and 
intend to pursue the subject further, this elemen¬ 
tary knowledge will endow you with a clearer con¬ 
ception when other more detailed books are read. 

Loose Actions — The usual advice given when 
an action has become loose on the hinge pin or bolt, 
is to peen the cut-out or make notches in the 
lumps. This is good advice to follow when a cheap 
gun becomes loose at any of these points, but to 
do so on a fine arm is unpardonable. Those who 
wish to accomplish a peening operation on shotgun 
lumps may do so to tighten the joint, but there are 
better ways of completely tightening any loose 
joints between the body of the action and barrels. 
Plie jointing consists of fitting the barrels to the 
action. This is a matter of importance, for the life 
of the arm and alsu the “safety” depends upon 
these joints being light. A properly joined gun will 
seldom shoot loose. The fitting of barrels and ac¬ 
tion requires many trials in order to bring the 
parts together to bear evenly against the standing 
breech, and the flats upon the barrels must be 
firmly bedded upon the action's bottom face. The 
spotting-in is done with Prussian blue and must be 
repeated many times until each surface fits evenly 
and closely against the other part. 

If an action is loose, the best plan is to fit a 
new hinge pin, that is, unless the bolt requires fit¬ 
ting also. Some hinge pins are fitted into the frame 
while others arc screwed into the opposite side to 
hold them in place. After pressing or forcing the 
old pins out it is usually necessary to anneal the 
action and case-harden it again. Before the an¬ 
nealing takes place all parts must be removed from 
the action and heated in a box or pipe containing 
lime or charcoal. The contents arc heated to a 
cherry-red and allowed to cool in the container. If 
the action were thrust directly into the furnace 
flame, the metal would be more or less scaled be¬ 
cause of oxidization. 

When the action is ready to be worked on, re-fit 
the barrels to the action; use Prussian blue on the 
flat bottom portion of the barrels and the face; 
then spot this in. removing every little high spot 
with a fine pillar file at the bottom and face of the 
standing breech. You may find it necessary to use 
small scrapers for this operation as well as the 
fine files in order to remove spots which can not 
be conveniently removed with a file. When com¬ 
pleted, clamp the barrels very tightly together and 
ream out the hinge-pin hole with a reamer which 
will remove sufficient metal to make the joint in 


the lug true and round. Sometimes the barrels and 
action can be clamped together and the hinge-pin 
hole lapped so that a perfect bearing surface is se¬ 
cured without annealing the action, which should 
be avoided whenever possible, unless the student 
has the equipment to re-case-harden the action cor¬ 
rectly. First, try to lap the hinge-pin hole before 
annealing the action; however, this is usually done 
by the manufacturer of the arm rather than the 
gunsmith or student. By lapping this hole the 
complete removal of the high and low spots takes 
place, and when the new pin is fitted, it has a per¬ 
fect bearing surface upon the entire radius in the 
lump. 

The use of small scrapers, as suggested, to re¬ 
move high spots that cannot be removed with files, 
requires considerable practise; it would be well for 
the student who is about to perform such an oper¬ 
ation to practise on sample pieces of steel before 
attempting the scraping of an action. Scrapers can 
be made from old pillar files by grinding off the 
cuts on the end. It is then necessary to draw the 
temper to a dark straw or purple in order to main¬ 
tain the edge. The square flat sides must be stoned 
to a keen cutting edge and kept that way by the 
free use of oilstones while in the act of scraping 
down a surface. Much care must be exercised in the 
use of any scraper to keep it from digging into 
the metal. Only remove a fine scraping cut over the 
point in which the metal is to be removed, and 
no more. I would not suggest a scraping operation 
if a file can be used. 

The removal of the old hinge pin is often a 
rather difficult job, and if it is to be pressed out, a 
special wedge must be made to fit the action chan¬ 
nel so that the action will not be sprung when 
pressure is placed upon the pin. A special steel 
block must be made so that the action will be at 
right angles to the pressure applied, and a hole of 
sufficient size made to allow the pin to pass out 
freely upon its downward travel. Nearly all hinge 
pins are put in from right to left and removed from 
left to right. In some actions small screws are 
placed in the pin to keep it from working out. Some 
arc applied from the end radius while others are 
placed in from the flat of the action. These screws 
should not be forgotten and their removal should 
take place before pressure is placed upon the pins. 
When such screws arc discovered the hinge pins are 
usually screwed into place, but before the removal 
of any, ascertain the method used to fit them. 

A new hinge pin should be made of good tool 
steel or alloy steel which has strength and density. 
Turn the pin about 0.0003 inch larger at the bear¬ 
ing surface of the radius, and if it is to be a press- 
fitted pin. allow about 0.000.S inch larger. If it is 
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to be a screw-fitted pin. allow at least a one inch 
shank so that a lathe dog can be fastened to one 
end and a perfectly tight thread fit can be made 
together with shoulder bearings. When the pin is 
placed very lightly in the hole, screw up the shoul¬ 
der with all pressure possible, scribe the outline of 
the action on the pin, and under-cut to a depth so 
that sufficient strength remains to reset it again in 
the hole. Place a prick-punch mark on the north 
and south sides of the pin, allowing a slight angle; 
this is the true screw slot which is to be milled out 
with a fine slitting saw or fine hack-saw blade. 
The threaded end should project so that when it is 
faced off no center will show. After the screw¬ 
driver slot is milled in the head, the pin is set back 
in place and filed to the form of the action, and 
likewise on the threading portion. After both ends 
are finished and engraved, the pin is hardened in oil 
and the temper drawn to a dark blue over a steel 
plate or in fine sea sand, and then set in place to 
remain. The slight angle given to the scrcw-drivcr 
slot can now be pulled straight in line with the 
action by a brace scrcw-drivcr and pulled up tight 
by enough force so that it will never come loose. 
The 0.0002-3 inch oversize of the pin will give a 
very tight fit on the radius, and also when the 
action is opened or closed. This must be done a 
number of times to free the radius on the pin. but 
after fifty or a hundred shots are fired it will be at 
its proper set. 

The bits, or grips, and bolt are next inspected. 
After the hinge pin is fitted there may be a little 
movement up and down between the barrel flat and 
action after the top lever is completely in its locked 
position. If so, a new bolt must be made or the 
slots filled in and new ones located on the lumps. 
A common method often recommended is to force 
the slots together. This is perfectly satisfactory on 
a cheap shotgun, but I do not advise such methods 
for those who wish to do better work. Careless 
quack ways often ruin a gun, so if the owner takes 
pride in his work he will never do such a shiftless 
job, even on a cheaper gun. Figure 146 illustrates 
the correct method of doing this work, which is 
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Fig. 146 

Methods for making insertions in worn parts of shotgun 

lumps 


filing or machining these slots out % inch larger at 
top, bottom, and front, and making and fitting in a 
steel block. The dotted lines show' these; the steel 
pieces are brazed into place and then new slots are 
filed out. In this operation, extreme care must be 
taken to have the bottom bolt enter evenly and 
with a perfect bearing surface. The bits or grip in 
these slots must be so that the bolt fits very evenly 
and squarely with a pulling-down action which will 
equalize the strain. A crooked, worn, or badly 
fitted bottom bolt is very apt to break, since i! 
would have to stand the whole strain of the ex¬ 
plosion. Therefore, this must be thoroughly in¬ 
spected before the slots are filed out; whereas, in a 
well-fitted bolt the strain would be borne by the 
slots in the lumps as well as the bolt itself. 

With the barrels joined to the action and ad¬ 
justed as perfectly tight as the day the gun came 
from the manufacturer, you know that the job is 
well done and complete. On all the best guns, the 
ejector mechanism must be gone over. You may 
have made a slight change when fitting the other 
parts, and since the successful working of the arm 
depends wholly upon the accurate adjustment of 
the various parts, the firing and extracting mechan¬ 
isms sometimes have to be refitted and made to 
work in more perfect harmony with the other parts. 

Barrel Work — ]f the instructions in the first 
part of this chapter are beyond the comprehension 
of the beginner who has never had any mechanical 
training whatever, it will be well for him to begin 
his training with some of the more simple methods 
before he advances to the most complicated work. 
Start with cutting off the barrels of a shotgun if 
the muzzle has been damaged or an end has been 
blown off because of some obstruction in the bore, 
replace sights, lap a recess choke in cut-off barrels, 
fit ends of sawed-off barrels, and resolder the ends 
of double guns, etc. 

Cutting off shotgun barrels at the muzzle re¬ 
moves all the choke in the end of the barrels, 
especially if very much is removed back from the 
muzzle. If only a small amount is removed and the 
gun you are about to perform this operation on is 
choked a considerable distance back, then a part of 
the choke remains, which is better than no choke. 
Regardless of choke you still have in your posses¬ 
sion a shotgun, but if a muzzle is badly damaged it 
is worthless until the damaged end is removed. 

With a combination square set against either the 
right or left barrel, scribe a line straight across each 
barrel; then reverse the barrels and do likewise, 
only connecting the top lines at right angles. These 
are the lines used as a guide to saw the barrels, for 
which a fine-tooth hack-saw blade is used. Hold 
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the barrels in a vise between padded jaws in a 
horizontal position with the chamber end supported 
on the gun brace. If the barrels are very thin, 
small pieces of wood must be made and placed be¬ 
tween the top and bottom ribs and then clamped 
in the vise. Many a fine barrel is ruined by apply¬ 
ing too much pressure on the barrels, particularly 
when they are very thin. After the barrels are 
sawed off, use a small knife-edge square and file 
the ends with a small mill file, test for square in 
every position, and solder the gap left hetween the 
ribs. The inside of the barrels and also the ribs 
must be filed off smooth with a fine needle file that 
can be used in all corners. This is done so that 
it is possible to tin the ends and have the solder 
adhere. Cut out a piece of tin to the exact form 
between the barrels and ribs and drive it in place, 
about Vs inch from the end. It is placed in this 
position so that no solder will run down between 
the ribs and barrels. A heated soldering iron will 
close this end; allow a small amount of solder 
above the top and bottom rib. After being filed 
down, a continuous fiat surface will exist between 
the barrels. Polish the end with fine emery cloth 
wrapped around the file and use the emery cloth 
in one direction only; complete the finish with a 
piece of crocus cloth in a similar manner. 

For the front sight, drill a new hole in the 
exact center of the rib about inch back from 
the muzzle. Some shotgun sights are driven in on 
a taper and others are screwed into place. The 
former method is the most commonly used by shot¬ 
gun manufacturers because of the simplicity with 
which they are driven in at a given depth; whereas 
a sight which must be screwed into place is more or 
less marred by instruments. Tt is necessary' to place 
it a given distance from the top of the rib and have 
it tight at the same time. New shotgun sights 
which are purchased from the manufacturer have 
an instruction sheet together with square reamers 
to enlarge the drilled hole so that they can be 
driven in at any depth. Figure 147 shows a 
standard set. One particular point which must be 
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Lyman front and rear ivory shotgun sights 

taken into consideration when these sights are set in 
place is to have them in the exact center of the rib. 
A diemaker’s square is used to locate the true 


center, a small center-punch mark is made, the hole 
is drilled and reamed, and the sight driven into 
place. 

After the barrels are shortened, it will probably 
be desired to have a choke in one or both barrels 
again. To make a recess choke—like that shown 
in Xo. 3 barrel in Figure 143—is very simple. As 
large a one as this is required, but be sure to have 
a length in the recess as long as the shot column. 
This is easily measured by removing the shot from 
a case and giving the same length to the choke that 
you are about to make. 

The best fixture or head to use for this operation 
is a dental polishing expanding mandrel in which 
small pieces of glued circular emery cloth are used 
on a rubber expanding head and then inserted in 
the breast-drill chuck or used on the end of a 
motor. It is possible to expand the rubber emery- 
cloth keeper to any desired size by just tightening 
the knurled nut. Place a mark on the spindle to 
the depth you wish it to go in from the muzzle. 
Since the circular discs of emery cloth wear rapidly, 
keep the expanded head well against the walls of 
the barrel. When such an expanding arbor is used 
on a motor this recess can often be cut out very 
quickly, but if you only have a breast drill to per¬ 
form this operation with, it is a rather tedious oper¬ 
ation; still, with patience it can be performed 
easily. 

At times it is not possible for the student to ob¬ 
tain one of these dental polishing heads and he 
must make his own expanding polishing arbor from 
a piece of hard wood. Take a piece of beech or 
white maple and turn out an arbor on the lathe or 
cut it out by hand, one end to fit the breast-drill 
chuck and the other end made to a diameter which 
will fit the end of the barrel after the emery and 
rubber bands are built up. On the end which holds 
the emery, drill and counter-sink the center, and 
screw into this a common flat-headed woodscrew. 
Then with a fine hack-saw or a coping saw, split 
the end two ways a distance back which will allow 
for expansion. Stretch rubber bands on the end 
and build up to a diameter which will just enter the 
barrel. Coat them with glue, roll the rubber bands 
in No. 90 or 100 emery, and allow to dry. Flour 
of emery is used for the final finishing laps. It will 
be well to make six or eight of these, as they are 
simple to make; as soon as one wears out, it should 
be replaced with a new one and also re-coated with 
glue and emery. By the time the last one is com¬ 
pletely worn out the first one will be dry enough 
to use. With one end of these laps tightened into 
the breast drill, chuck and also mark or ring for 
the correct distance. As you are turning the drill, 
rapidly working it back and forth, a considerable 
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amount of metal can be cut out; but just as soon 
as the emery wears down and the rod becomes 
loose, withdraw it and tighten the screw on the end 
and then insert it into the muzzle again. Measure 
the recess frequently with inside calipers, carefully 
transferring and checking the measurement with 
the micrometers and comparing the measurement 
with that of the one taken before the operation w r as 
begun. 

The rounded ends of the laps will give the cor¬ 
rect rounded taper to the front and rear of the re¬ 
cess. The polishing operation should continue until 
the recess is enlarged 0.010 inch larger than the 
diameter of the bore. The direct object of this 
recess at the muzzle is that when the shot column 
strikes it, it expands enough so that when it hits 
the choked end it will have sufficient contraction to 
give the desired choke effect. The length of the 
straight portion should never be less than one-half 
inch. Be careful not to lap any metal out of the 
end, for this is the place where the diameter must 
hold, and when inserting or withdrawing the lap do 
not allow it to revolve. 

The gun must be patterned often to see the re¬ 
sults produced by your efforts. If patterns are not 
understood by the student it will be well to give a 
brief outline of the methods generally used for 
these tests. The diagram made by the pellets fired 
at a sheet of paper (48x48 is the usual size) is the 
“pattern” of the gun shooting. To ascertain the 
arm’s shooting power, all the student needs to do 
is to fire at one of the large sheets of paper with 
one of the standard charges used for its gauge. For 
comparison with other results, the number of pel¬ 
lets striking within a thirty-inch circle may be 
taken to judge the shooting of the gun. A good 
close pattern is always a guaranty that the arm will 
have sufficient power to kill; the greater the mass 
of the shot or pellets, the closer is the pattern. No 
close-shooting arm has inferior penetration; there¬ 
fore the nearer each pellet mark is to the common 
center, the less will be the distance between the 
first and last shot of the charge. This is the usual 
meaning of a close pattern. A bad or patched 
pattern proves a number of things; either the gun 
is improperly bored, the choke is not right, or the 
correct load is not found for the individual gun, 
etc. The closer the pattern is at forty yards, the 
longer the killing ranges of the arm will be with the 
intended load. I could devote much time to the 
subject of various patterns secured by altered 
chokes, but as space does not allow me to go into 
detail, I shall let the reader carry out his own test 
from liis own angle, of loads from various gauges, 
securing patterns and killing circles w’hich may be 
aDDroxi mated. 


It has been suggested to use an expansion reamer 
in the muzzle of a shotgun barrel to enlarge it and 
produce a larger pattern. Whatever you do, never 
thrust any form of expanded spiral or hand reamer 
into the muzzle of a shotgun. The only tool to use 
for the enlargement of a choke is either a shotgun 
choking bit or a fine finishing tool; or if it must be 
a reamer, a burnishing reamer. These are very 
expensive to make and the greatest amount which 
can be removed with one reamer is 0.002 inch, so 
it is much better to use the lapping operation as 
given in Chapter XVTTF. 

Removing Dents from Barrels — It is very easy 
to get a dent in a thin shotgun barrel through a 
fall or other cause. It is not advisable to shoot a 
shotgun if it has a very bad dent, because it is 
liable to split the tube when the shot strikes the 
bulge. Dents are easily removed, however, if one 
has the correct dent raisers to insert in the barrel 
and force the metal out again to the surface. Fig¬ 
ure 148 illustrates three standard plugs; one is 
solid and the other two are adjustable forms work¬ 
ing on a taper. In the same drawing the standard 
figures are given for each shotgun gauge w'hich 
should be a standard for all shotgun bores, but be¬ 
cause different manufacturers do not adhere to 
these sizes it is much better to use the adjustable 
gauge. The straight plug gauges are made in sets 
varying 0.002 inch in diameter, and as the figures 
given in A are the standard size of barrels, the vari¬ 
ations must be minus from these figures. As an 
example, for a 12-gauge plug the maximum size 
would be 0.729 inch; the No. 2 size then would be 
0.727 inch, and so on down until you have a set 
nf eight plug gauges varying 0.002 inch, and the 
smallest would be 0.715 inch, which would be the 
starting plug. 

In using the adjustable plug it is necessary to 
have a solid plug gauge to start, out a bad dent; 
the adjustable taper gauge follow's. One must be 
very careful with these taper gauges, for a great 
amount of pressure can be placed on the wedge 
effect w'hich will bulge the barrels out and make it 
difficult to bring them in again. Either style of 
dent raiser must be made of tool steel, harden- 
ground and either lapped or polished. A true 
cylindrical surface free from grinder or tool marks 
will not place elongated scratches in the bore. 
Hours of labor are spent to secure this mirror-like 
polish which can be destroyed in a few minutes, 
and to remove such marks will often take a long 
time with a fine lapping operation. The drawing in 
Figure 148 is self-explanatory. Two fiat pieces of 
tool steel arc tongued and grooved on the shaper or 
milling machine and the tongues and grooves sur- 
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face-sweated together. The length should be left 
1% inches oversize so that it will be possible tu 
fasten a lathe dog to turn and grind the plug. Cen¬ 
ter the two pieces so that they will have between a 
10 and 12 degree incline to the tongued and 
grooved section. Turn the plug in the lathe on cen¬ 
ter, allowing about 0.015 oversize for the grinding 
operation. Neck in the two ends so it may be 
broken off after they arc completed and grind 


off the broken sections straight across the ends. 

To harden, heat the two until they can be broken 
apart, and then scrape off the lead. At this stage it 
is well to place the pin in position as the dotted 
lines show; it is not necessary, but is placed in this 
position so it is possible to drive the wedge only a 
given distance. After the hardening operation 
takes place, the tongued and grooved surface is 
polished and the flat portion again sweated to- 
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gether. Use sufficient heat to just melt the solder, 
and bring them into the exact position as when 
taken apart. Grind to size and polish the outside 
diameter to a mirror finish. Heat the gauge again 
and remove all traces of solder. To use, place the 
raiser in the barrel, and hold a rod against both 
ends. As the gauge is inserted to its smallest size, 
place the raiser over the dent, hold one end with 
the rod from the front, and expand the wedge from 
the rear, which action pushes out the dent. A lead 
or fiber hammer should be used to tap lightly over 
the dent to even the outside surface of the barrel. 
If this operation is carefully done there will be no 
apparent indication of a mark upon the outside or 
inside of a barrel. A set of these dent raisers for 
the different gauges of shotgun barrels, harden- 
ground and lapped to size, is indispensable to any 
one doing very much shotgun work. They are in¬ 
valuable not only to the gunsmith but to the man 
who happens to have a large collection of shotguns. 
It is such an easy matter to remove a dent with 
these that a set pays for itself in a short time. 

The simplest method of removing dents is to 
make the dent raisers from fiber. Figure 148 illus¬ 
trates a steel tool; turn the plug from a bar of 
round red fiber to the intended gauge, and also drill 
the center and ream it with a No. 6 taper-pin 
reamer. Use a standard No. 6 taper pin, which is 
carried in stock by most hardware dealers. When 
the center is reamed the pin should extend from the 
encl at least one-half inch to allow' for expansion. 
After the plug is removed from the lathe, it is 
drilled in four places; one-half inch from each end. 
The opposite holes on the other end of the plug 
should be 90 degrees from the other two. With a 
fine hack-saw or slitting saw on the milling machine, 
split the plug up to the holes from the opposite 
ends; when completed, there is only a web holding 
each end, and when the pin is inserted, expansion 
takes place evenly against the walls of the barrel. 

A steel plug can also be made in the same way 
by hardening and grinding the outside. A dent 
raiser made in this manner is equal to the wedge 
raiser shown in the same illustration. If the stu¬ 
dent docs not wish to go to the trouble of making 
the expansion plug from fiber, a set of plugs can be 
made like the one of solid steel shown, just as good 
as the hardened and ground plugs. This soft mate¬ 
rial will not harm or scratch the inside of the finest 
barrel. To use the expansion fiber dent raiser, thor¬ 
oughly wipe the barrel out so that there will be no 
foreign matter to adhere on the fiber plug. Insert 
the plug with the pin in position, and with a piece 
of brass tubing place the plug over the dent. Ry 
inserting a solid piece of the brass from muzzle and 
a solid brass rod from the breech the taper pin can 


be driven into the raiser, expanding it to such a 
degree that the dent will gradually raise to the 
surface. As this lakes place, the outside of the 
dent is lightly tapped with a lead or fiber hammer 
to smooth out the surface and at the same time ex¬ 
pand the metal around the dent so that it will come 
out even and smooth. This operation requires 
great care, for if too much pressure is placed on the 
pin, the expansion will raise the surface of the bar¬ 
rel on the outside, as with the wedge raiser. 

Many times a muzzle is dented or crushed in; 
the only way to correct this is to drive a muzzle¬ 
expanding plug in from the breech end of the bar¬ 
rel. Figure 148 also illustrates one of these plugs 
which is made on a taper and will take care of any 
barrel except those having a cylinder bore and 
greatly oversize. In such rare cases, a special plug 
is used from the chamber end and driven into the 
muzzle; as the plug is gradually tapped against the 
crushed end of the muzzle, tap the end of the bar¬ 
rel with a lead or fiber hammer to secure an even 
and gradual expansion of the metal to bring it back 
in place. Such a plug will evenly expand any badly 
bent-in muzzle, but it should never lx* inserted 
from the muzzle end because of the taper on the 
plug; it allows the end of the muzzle to become 
bell-mouthed, and such a condition will affect the 
pattern undesirably. 

Special Ribs on Single Barrels, Etc. — I re¬ 
ceive various inquiries for solid and ventilated ribs 
to be placed on gun barrels, but usually when the 
owners are informed of the work involved they use 
the arm with a rib, or try to place one on, espe¬ 
cially if they have machine-shop equipment to do 
such work. A solid or ventilated rib can be placed 
on any gun barrel, particularly the ventilated type, 
as this rib is the easiest to work on a barrel and at 
the same time the most satisfactory in appearance. 
Barrel ribs are made between 3 /i and Y> inch 
in width, and the material mostly used is cold- 
drawn steel, machined to fit over the top of the 
barrel. The usual size of steel a rib is made from 
is V 2 x % inch for shotguns, and V 2 x Y> to 
V> x inch for rifles. Correct measurements must 
be made and the barrel and rib first drawn up on a 
sheet of paper; make it full size, and when these 
measurements are made in detail they must be 
adhered to throughout the machining and filing 
operations. 

The best way to ascertain the correct height of 
a barrel rib when placed on the barrels is to take 
the length of barrels and from this length your 
figures. Different lengths require difference in the 
height of ribs. As a general rule, forty yards is the 
distance that any shooter fires at a given object, 
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and at this distance a heavy charge of shot will 
drop about 12 inches. Because sights on a shot¬ 
gun are fixed sights, it is necessary that the end of 
the barrel be so elevated as to compensate for this 
trajectory at the established distance, or 12 inches 
at forty yards. Naturally a lighter charge of shot 
will not drop so much as the heavy one; therefore 
the figures must be on the heavy charge. 

To ascertain the correct elevation, take the 
thickness of breech ancl muzzle, and carry out the 
figures so that the rib at the muzzle will be de¬ 
pressed. In shooting at forty yards, allow 0.004 
inch for every yard that can be multiplied by 
0.004, which will he the drop of the rib, or dif¬ 
ference between heights at the breech and the 
muzzle of the rib for a 30-inrh barrel. The front 
sight is not included in these figures. As an ex¬ 
ample, establish a set height at the breech which 
will be as low as a rib can be set; 0.004 inch mul¬ 
tiplied by forty yards gives 0.160 inch which the 
rib must be depressed lower than the rear portion, 
forty yards being set as a standard. If the distance 
is greater, it will be necessary to depress the rib 
much lower, altho this is half the range of a well 
choked gun. Holding is taken into consideration to 
secure the difference, which will be explained later 
in the chapter. The difference we are concerned 
with now must be made by depressing the rib at the 
muzzle in order to have the pattern come in the 
center of the object shot at. Sweat both ends and 
middle of the rib, and at the tip end of rib, at the 
muzzle, place a small lump of solder in the center 
to be used for a sight. Test the gun with the 
standard intended load at forty yards. The first 
trial usually determines the changes to be made. 
The lump of solder used as a sight should not be 
any higher than the intended bead front sight. 

Assuming that the trial and height are proved to 
be correct, the actual making of the rib is a matter 
of machine and hand operations. The making of a 
ventilated rib requires the shaping-out of the legs or 
brackets at given intervals along its entire length. 
These may be spaced to a given distance along its 
entire length or may be shortened or lengthened 
either from the front or the rear, but a given length 
for each bracket produces a much better appear¬ 
ance to the finished rib. After the machining oper¬ 
ation, a rib will look rather crooked and bent out 
of shape, so it must be straightened before being 
fastened to the barrel. Sometimes because of the 
thinness this straightening may he done with the 
hands alone, by bending and twisting the rib. If 
there should be short crooks, the hammer must be 
brought into use. Select a hammer that has a flat 
peen across or at right angles to the handle. The 
peen should not be too sharp, but smooth and 


rounded at its edge. To straighten, place the rib 
on a smooth piece of hard wood damped in the 
vise. Hold the rib on this, and with the peen of 
the hammer, strike light blows on the inner or 
curved side of the rib. Do not strike hard enough 
to dent or bruise the rib so as to show on the sur¬ 
face or the opposite side. By a little practise a rib 
can be made very straight and true. A rib should 
be straightened after every operation so that it will 
not be so badly bent that it requires too much 
finishing to make it look well. 

Matting the top is next in order after the 
machine work. Refer to Chapter XXI1, Volume I, 
in which the correct tools and methods are given 
for this. Also refer to the drawing which illustrates 
the matting and border tools. A beautiful matted 
surface can be placed on its entire length, or again, 
if you have a milling machine, fine cross lines can 
be made; these are often seen upon some of the 
finest shotgun ribs. However, with the hand tools 
the student can produce a very pleasing effect. 
Matting a rib usually springs it out of shape very 
badly and also stretches it considerably; therefore, 
it must be peened and made perfectly straight 
again before it is fitted to the barrel. 

Before fitting a rib to a barrel, a special holder 
must be made. Use one side of the hardwood piece 
on which all the straightening operations were 
made; this will save making a new one. Fit one 
side of it into a properly shaped groove, and make 
four clamps of wood, or use parallel clamps to hold 
it firmly in place in order to file out the radius in 
the brackets. Coat the barrel with Prussian blue 
and secure the bearing surface on each leg. This 
spotting operation will enable them to be worked 
down gradually until a true and even contact is 
made on each bracket in their respective locations. 
To remove the high spots, file lengthwise with a 
half-round file, and file so that the outer edges will 
fit closely and the center will have just enough free¬ 
dom so light can scarcely be seen. The half-round 
file used for fitting the ribs should have the tang 
bent toward the flat side, so that when the file han- 

9 

die is put on, it will not interfere with the filing 
operation. 

With the rib thus prepared the soldering or 
sweating operation follows. Since the radius sec¬ 
tion of the brackets is filed bright and smooth, so 
must the locations he upon the barrel. Bear in 
mind that solder will not adhere unless the sur- 
faces are bright. With the rib held over the alcohol 
torch or Bunsen burner, warm each leg to the 
proper heat, just so the solder will run free, and by 
wetting the surface with soldering add, together 
with the solder, a perfectly soldered surface is ob¬ 
tained. Each bracket must be done likewise until 
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the entire number is gone over. Have plenty of 
solder adhering to the radius, but try to keep it off 
the sides and under side of the rib. Also be very 
careful not to heat the rib so as to blue or blacken 
it, for in that case solder will not adhere, and the 
surface thus made must be repolished before going 
any further with the tinning. 

When all the brackets are well tinned the inner 
surface of the rib must be well finished with fine 
emery cloth. Be careful not to disturb the solder 
on the radius of the brackets. The rib is again 
clamped in the groove on the straightening plank, 
and by holding it in this position there is no vibra¬ 
tion and a high finish may be obtained. 

Draw-file or draw-polish the barrel where the rib 
is to be fastened, and be very careful to have the 
surface bright and clean or else the solder will not 
adhere. Place the rib in position, mark each loca¬ 
tion where the brackets are to be placed, and tin. 
Be sure tn have the space large enough so that 
when the brackets are in position the solder has a 
good space all around. Heat each place on the 
barrel over a Bunsen burner and only heat it 
enough so the solder will just run. Wet the surface 
with soldering acid, and with a bar or piece of wire 
solder-tin over each section which was laid out for 
the rib brackets. 

When all the spots are tinned and the barrel is 
cool, place the rib in position, confining it in place 
with small “C” or parallel clamps over each 
bracket, and see that the rib is held firmly and at 
the true center on top of the barrel. Commence at 
the breech, and heat both the barrel and rib care¬ 
fully over the Bunsen burner at the point of con¬ 
tact. Be extremely careful not to overheat either 
the barrel or rib, but just enough so the solder will 
run. To control this, hold a piece of wire solder in 
your hand and constantly test, and when it just 
begins to melt on the surface of the steel, withdraw' 
and continue to the next bracket, and so on until 
the rib is soldered the entire length of the barrel. 
When cool, remove the clamp and wash thoroughly 
with hot water. This will remove the acid which 
would otherwise rust the bright surface of the steel. 
Wipe dry, and if the work is to stand for any 


length of lime, oil it lightly with No. 3 sperm oil, 
by rubbing it over with a rag which has been moist¬ 
ened with the oil. 

The best way to remove the surplus solder at 
the joints is by means of scrapers. An old flat file 
about six inches long with the teeth ground off on 
each side may be used there and also on the sides 
for one or two inches at the end; also grind the 
end square. By using the tool in the manner of a 
chisel, it is very effective. A scraper made from an 
old three-square file with the teeth ground away at 
the end is also a very good tool to get into the cor¬ 
ners, which could never be reached with the flat 
file. Carefully remove all traces of solder, for 
bluing will not take effect where any solder re¬ 
mains. 

Figure 149 illustrates a ventilated rib barrel and 
also six sections of different styles of brackets: 
straight, round or pear shaped, and the diamond 
form. The straight bracket is the easiest to make; 
the pear or diamond forms have more work at¬ 
tached to them, hut they look more artistic when 
completed. Figure 150 shows a rib extension which 
can he fitted over any standard shotgun rib on 
single-barrel guns; this allows the shooter a better 
sighting plane. 

To Re-solder Ribs —It often happens that 
double guns have the rib loosened from the barrels 
at the forearm lug. It is an easy matter to re¬ 
unite these. To do so. carefully raise the loose rib 
as far as possible without bending it, and hold it 
thus in place by inserting a piece of wood sharp¬ 
ened to the from of a wedge to retain it out from 
the barrels. With a thin scraper, scrape both bar¬ 
rels and rib where they come into contact with 
each other. Wrap the barrels well in different loca¬ 
tions with soft iron wire; four to six strands to each 
wrapping, with the ends twisted together, are suffi¬ 
cient. Place the wedges between the wire and rib. 
Any small round cold-drawn steel may be used, 
just so that pressure can be placed between the wire 
and ribs. With the ribs thus in place, hold the 
raised section of loose rib and barrel over the flame 
of a Bunsen burner, and tin the parts, using only 
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rosin and small soldering wire. When both rib and 
barrel are tinned, put the rib in place by wrapping 
wire over this section and hold it in place with a 
wedge. It may require two nr three wrappings of 
wire in the location to hold a rib in place before a 
perfect job of sweating is achieved. Complete the 
sweating operation over the Bunsen burner. Exer¬ 
cise the usual meticulous care when placing it over 
the flame of the burner. If it is done properly the 
joint is scarcely noticeable. If it so happens that 
solder shows between the ribs and barrel, a scraper 
for such work can be made of a small three-square 
needle file with the sides ground to remove the 
teeth; sharpen it to a point. Binding wire, well 
wrapped around the barrels, and wedges set well in 
place, are a precaution against starting the ribs 
from the barrel by heat. With this security there 
will be no harm done even if the solder is melted 
between the ribs and barrels in proximity of the 
loose rib. 

Loose Forearms — A common defect found in 
most of the cheaper arms is the common “snap-on” 
type of fore-end in which a curved spring steel 
lever is used. The length varies for different guns; 
some arc about one inch long while others are even 
longer. One end has a pin to fasten it in one end 
of the fore-end iron with a small flat spring holding 
it out from the iron when removed. To tighten 
these, remove the lever and test with a file for 
hardness. If the file makes no impression on it, 
draw the temper over a gas flame until a very dark 
blue color appears, and then peen the lever, which 
is a method used to stretch the metal. Peen on 
both sides of the lever; hy this operation a lever is 
often made to work very successfully. To check 
the amount the lever has stretched out, use a 
micrometer and compare the readings. After the 
lever is lengthened about % 4 inch, set it back in 
the forearm iron without the wood in place to see 
if it snaps into position very hard. If so, the peen- 
ing has achieved the desired results. At times, less 


curve will do the same thing. Since the lever is in 
a semi-annealed condition, straighten it out a little 
at a time until it holds the fore-end iron in place 
solidly. It also happens on this type of fore-end 
that the iron has become set too deeply in the 
woud; therefore, it must be refitted to have it snap 
back into place. 

As a rule, very little trouble of this kind is ex¬ 
perienced on the better grade of shotguns, as the 
system of locking is the best. It requires quite a 
few mechanical features which are not complicated 
but very effective in holding the fore-end in the 
correct locked position. When fore-ends do come 
loose it is usually caused by a broken or weak 
spring. 

Arms which are now obsolete come in with lost 
fore-ends; it usually costs more to make a new one 
than a new gun could be purchased for. This oper¬ 
ation requires so much machine work that it would 
not be practical to go into detail concerning it. 

Broken Parts and Renewals — Occasionally 
broken parts can be repaired by welding or brazing 
operations. Naturally there must he some line 
drawn between the two methods. Parts such as 
trigger guards, hammers, triggers, etc., can be suc¬ 
cessfully welded, but. the setting in of pieces of steel 
to be filed out for notches, etc., can be more suc¬ 
cessfully brazed than welded, because it does not 
require the heat radiated by the acetylene flame. 
Broken tumblers which have the firing pin integral 
with the body are best replaced with new ones or 
a new one made if on an obsolete arm. Welding 
the tumbler is not as successful as making a new 
one of a piece of well tempered alloy steel. Broken 
strikers are always made from chisel steel and given 
the correct heat-treatment, which will last the life 
of the gun. Some strikers or firing pins are made 
from very poor material and it is always well to 
have an extra set of these made up which may be 
used to replace (me if it should break. 

When working down the trigger-pull on a shot- 
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gun, dummy cartridges or snap caps should be used 
in the chamber. For that matter, snap caps should 
be used on a number of firearms to eliminate the 


possibility of the breakage of firing pins. Figure 
151 illustrates a method which can be employed on 
fired cases, by inserting a piece of fiber in the 
primer pockets. First, ream the pocket out to Vi 
inch and turn a piece of fiber, either red or black. 
Press it in place and face it flush with the face of 
the case. By using these dummy cases in the 
chamber, you avoid all injury to the striker. The 
greatest damage is done by the continuous snap¬ 
ping of hammers and tumblers against empty space, 
causing the firing pins to crystallize and break; but 
inserting the fiber in the primer pockets eliminates 
such breakage. Snap caps can be purchased for 
any gauge of shotgun. These have a strong spring 
behind the piece of fiber, and when the striker hits 
the soft material there is enough tension in the 
spring to take up the shock of the blow. However, 
the dummy case made with the fiber inserted 
solidly in the primer pocket is particularly good, 
regardless of the gauge or caliber of the arm. 

When most men pick up a firearm their first im¬ 
pulse is to snap the triggers, not only once but a 
dozen times. Such men are like boys who, when 
they have an arm in their hands, must play with 
it. They never realize the damage they do in 
snapping the gun. We must place a dividing line 
between a bolt-action rifle and arms which are con¬ 
structed with a firing pin, either separate or a part 
of the hammer; the latter arms are shotguns, 
single-shot rifles, and some revolvers. When such 
arms are handed to these individuals, snap caps 
can be inserted without fear of (heir breaking the 
firing pins or strikers. 

The usual cause for the breaking of firing pins 
is excessive snapping of the locks without a dummy 
or snap cap in the chamber. If pins have become 
damaged or are too loose in the action, the making 
of a new one is a simple matter, for all pins are 
made from high-grade chisel steel. To ascertain 
the size of a pin, try the old pin in the drill gauge, 
and if a pin is lost, gauge the pin hole with a drill 
from the set and select the size of drill rod which 
the drill has determined. On some foreign arms 
the holes in the action differ from our standards. 


Tf so, order the next larger size of rod, and polish 
or file it until it has the correct fit into the hole. 
Cut the pin to length, and file and polish the end to 
a radius. Harden and draw the temper to a blue. 
Refer to Figure 129, Volume I. 

Damaged fillister-head action screw's must be 
made up on the lathe and fitted into the thread. 
A number of the screws used on shotguns are not 
standard, so they must be made. Fit the screw' 


and undercut the head, and when in position place 
a small prick-punch mark on the head facing north 
and south. After removing, cut the screw slot 
either on the milling machine or with a very nar¬ 
row hack-saw blade. 

Wood screws arc easily replaced, for such a large 
variety is made that one can always be found for 
replacement. If the wood has become rotten around 
the hole, fit in a wooden plug, glue it in place, and 
refit the new screw. Screw heads may be artistically 
decorated by referring to Chapter XXII, Volume I. 

There are various little points which have been 
neglected in this chapter; one of these is the spring 
work in a shotgun, but as I have taken this up in 
other chapters, it will be unnecessary to rehash the 
same information. However, there still remains a 
bit of special information which should be imparted 
to the reader on the question of shotguns, and 
w-hich, I am sure, will be quite welcome. 

When I have taken men on the range to test 
their arms and try to teach them the correct 
“stance” in shooting, 1 have found that most of 
them willingly change their ways and arc very apt 
pupils. There is one point, however—and this part 
of the subject need not have been mentioned— 
which sometimes eludes them. “How to shoot” is 
not merely discharging a gun. It is taken for 
granted that every person old enough to handle a 
gun should know how to fire it when loaded. What 
is meant then by “how to shoot” is how to shoot 
well, and in teaching any one to do this, one of the 
most important requisites lies in taking aim on the 
object at which the person is expected to shoot. 
Nearly all young people close one eye when shoot¬ 
ing. With a shotgun a man will learn to take aim 
much sooner by keeping both eyes naturally open 
than he will by holding one closed, but it is a hard 
thing for many people to do. The “hiding eye” 
will “close up” just as the finger is pressed on the 
trigger, and with that closed eye there is always a 
deviation of the gun from the line of true aim. 
With a little practise one should see the powder gases 
at the muzzle with both eyes open. While shooting 
from a high point when light conditions are right, 
a few shooters can follow the bullet from muzzle 
to target, even on a high-velocity arm. Such con¬ 
ditions can never be realized by a shooter if he 
holds one eye closed, for it is only natural to as¬ 
sume that if he closes one eye he is rubbing himself 
of half his vision. The one eye cannot see the 
whole of the object at which it looks, but only a 
part or one side of it; therefore, it requires the use 
of both eyes to see and estimate distance correctly; 
one eye may outline an object, but it calls for the 
employment of two eyes to trive it a perfect per¬ 
spective. 



954 


THE MODERN GUNSMITH 


When an object is hastily caught within the 
range of both eyes, the sense of vision is instantly as¬ 
sured as to the position of the object, its distance 
from the gun, and if moving, the rate of speed at 
which it is moving. Through mental contact the 
brain is promptly impressed with all of this, which 
gives confidence, and consequently, calmness. Here 
the main object favoring success has been attained 
by calmness and a strong belief that the shot is 
going to succeed. The instant this is felt is the one 
at which to press the trigger. The western expres¬ 
sion “crack down” means that a quick correct sight 
is secured, whether there is time to think about it 
or not, and hence an instantaneous discharge of the 
arm takes place with both eyes still on the object 
or game. 

Distance requires elevation in proportion; there¬ 
fore a rifle is fitted with sights which have both 
the elevation and windage to meet various dis¬ 
tances. The elevation of the rib on a shotgun is 
fixed and immovable. But by a simple law or per¬ 
spective, when you look at an object eighty yards 
away and mechanically bring the sight to bear upon 
it you have the action of the gun lower than if it 
were only forty yards off; whereas if you adopt the 
one-eye system, you fire at exactly the same eleva¬ 
tion at all distances. It would be as absurd to take 
a level aim along the rib at eighty yards as it would 
be to fire a rifle at a range of 600 yards with the 
sights set at 100 yards. While everything has been 
done to give the correct sighting features, we have 
in rifles today to take full advantage of the increase 
of power. As long as the one-eye system of shoot¬ 
ing is adopted by so many, the object, if hit at all, 
will be struck by only the outside pellets of the pat¬ 
tern and not by the effective central shot. The 
proper method is to throw the gun well up and into 
the shoulder; the drop and possible offset will then 
bring the gun right in front of the face; the head 
being erect and both eyes fixed intently on the 
object, the line of motion is commanded and the 
aim taken instinctively. The central shot or pellets 
have thus an allowance given them to compensate 
for distance and the motion of the object. You 
look along the imaginary line, higher at the breech 
according to distance, and at this elevation the gun 
is fired, exactly as a rifle shot sets his aperture 
sights to a given distance. 

Because so many do not understand these simple 
laws of correct shotgun shooting they come in to 
have a stock changed to compensate for their bad 
shooting, or else present various other excuses. 
After their faults are pointed out they usually go 
away with a better understanding of their gun. I 
remember one very amusing exception, however. 
This man shot at thirty-one hill rabbits in one day 


and only raised a few feathers from their tough 
hides. He wanted a gun to use a special three-inch 
shell and No. 2 shot so that he could penetrate the 
hide of a hill rabbit. Tf any of my readers go after 
hill rabbits, do not blame the gun or the ammuni¬ 
tion you are using, but yourself and the use of one- 
eye shooting. 

The most important advantage we derive from 
the use of two eyes is that it enables us to sec dis¬ 
tance, or the third dimension in space. That this 
vision is not the result of experience as monocular 
vision is, is obvious from the fact that distance is 
seen as perfectly by children as adults; it has been 
proved by naturalists that animals newly born ap¬ 
preciate distance with the greatest correctness. 

In many instances a shotgun shooter wishes to 
know the patterning of his gun after changing the 
choke. The following tables and methods are a 
means of understanding this as well as the methods 
of figuring out the percentage of choke. They 
show the per cent of total pellets in the thirty-inch 
circle for four different choke borings of barrels at 
the range indicated. The number of pellets repre¬ 
sented by the percentage for any size of shot-charge 
is easily figured by knowing the total number of 
shot in the charge. 

Example— Charge 1%« ounces of No. 4 shot 
fired at 40 yards for an improved cylinder barrel. 
Total of pellets, 181, multiplied by 50 from the 
table, and divided by 100. Answer, 90.5—pattern 
90 per cent. 
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nical performance of any shotgun or its ammuni¬ 
tion. Such matters are usually studied by the mak¬ 
ers of the best guns. 

The shooter who makes tests of patterns and 
penetration should never take his results too seri¬ 
ously. Nearly all the standards are based upon 
averages, and concrete results may vary consider¬ 
ably without implying that anything is wrong. 


Many who may suspect themselves of being poor 
shots should see whether their guns are choked too 
greatly. Shooters in constant practise can often 
turn it (o better advantage than the occasional 
shooter. To have the right barrel a true cylinder 
often saves a man from missing very easy shots 
and also saves for him a considerable amount of 
game. 
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The Art of Gun Engraving 

-• 


T HE engraver is classed as an artist. Gun en¬ 
graving is indeed a profession, for it requires 
years of study to become dexterous and a master 
of the art; and when it comes to a finished gun 
engraver who is capable of originating elaborate 
designs which are oftentimes masterpieces, such 
talent means a lifetime story. Only a true artist, 
when he looks upon these illustrations, can appre¬ 
ciate the value and effective beauty in such per¬ 
fect workmanship on metal. Art of this nature re¬ 
quires an extraordinary amount of patience and 
love for the work. The engraver not only uses 
various tools to chisel these designs on the steel 
surfaces of a firearm; he must be able to use a 
pencil and pen to place his thoughts on paper first, 
perfect in every detail; he is an artist combining 
manual and artistic skill in his execution. Such a 
man is like all genuine artists, calm and temperate, 
never mingling with the crowd or superficial so¬ 
ciety. A perfect understanding of the beauties of 
life is that which endears him to those who love 
the work produced by Ill's hands. 

This chapter has been made possible by Mr. R. 
J. Kornbrath of Hartford, Connecticut; various 
illustrations it contains are from his hands, and 
every one is a masterpiece. His ability extends 
not only to sketching or painting this work on 
canvas or paper, but transferring it to steel parts 
with chisels and a hammer. Do not, however, be 
awed, like the young painter who, when he saw an 
original Rubens, burned his palate and brushes. 
First, acquire the principles of free-hand sketching 
with a pencil, then transfer the drawing through 
the aid of engraver’s transfer wax, on the steel, 
and carry out every little detail with well-defined 
lines. Experiment on small pieces of steel with 
some simple line or scroll engraving, and when you 
become proficient, apply your knowledge and skill 
tn more elaborate designs. 

If you have attempted to etch steel as described 
in Chapter XXII, Volume I, there is little doubt 
as to whether you can master this art. The term 
applied to engraving on steel is called chiseling and 
is achieved with a hammer and various forms of 
chisels. The most-used chisel is a pointed or 
onglette graver. Companies handling such tools 


or 6 Renard is preferable, and these tools can be 
made by yourself through information obtained 
frnm chapters pertaining to that type of work. 
(See Figure 153.) A complete set of engraving 
tools costs very little in comparison with others 
used in gun work. Perhaps it will be easier for 
one who is just starting and is not accustomed to 
handling the chisels, to have deeper lines laid out 
on the steel surface, for much can be done with 
engraving tools if the design is etched into the 
metal first. 

The steel that gravers are made from should be 
the finest quality of tool steel containing a high 
percentage of carbon. It will prove cheaper in the 
end to procure these tools. They arc mostly made 
in Switzerland, France, and Germany, and because 
of the makers’ long experience the steel from which 
these gravers are made and their temper are per¬ 
fect for work upon gun parts. The gravers come 
from the manufacturer without handles, but these 
may be had in any desired shape. A regular file 
handle may also be used with a steel plug inserted 
in the end of it. The steel plugs are made of cold- 
drawn steel and the file handle is drilled out from 
the end, the tang of the graver not being touched. 
This plug is inserted so that the hammer will not 
touch the wood, which affords a solid base when 
the hammer strikes. 

All gravers must be kept at a very keen cutting 
edge and only stoned from the point. There is a 
special graver sharpener made, in which the graver 
is set and held at the correct angle, while on the 
opposite end there is a roller which reduces all 
friction as the graver is brought back and forth in 
the act of sharpening. The stones used should be 
fine Washita and Arkansas perfect white to produce 
the keen edge. A special graver sharpener is not 
usually required, unless one wishes to hold the 
same angle on all the tools he is using. 

Figure 153 illustrates different forms of gravers; 
flat gravers come in numbers from No. 0 to 14; 
pointed onglette gravers, from No. 0 to 6; half¬ 
point and knife-edge gravers only come in one size. 
There are two half-point, gravers, right and left 
hand. Revel gravers are numbered from 1 to 6; 
square and lozenge gravers from No. 1 to 8. Flat 
chisel gravers come in three sizes, Nos. 1,2, and 3; 


may be found listed in the appendix. A No. 5 
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object or part of the gun to be engraved or chiseled 
is held in a vise and the work is done standing in 
an upright position. When cutting straight lines, 
place the tool on the object and tap the handle of 
the graver or the steel insert with the hammer. 
Special care should be taken not to tip the tool too 
high; this is to prevent digging too deeply into the 
steel. Only practise will bring a straight and evenly 
cut line to depth and clearness. The beginner will 
find the cuts ragged and uneven, but if he applies 
determination and gives himself time, improvement 
is certain to be his reward, and he will find just as 
much pleasure in engraving designs upon metal 
parts of a rifle as he will in making a new stock 
from the finest Circassian walnut. In chiseling 
straight lines, the tool is held steadily in one posi¬ 
tion while the handle is tapped by the hammer; 
no wrist motion is required. 

In chiseling curved lines, the wrist of the left 
hand, in which the tool is held, plays the most 
prominent part in the execution of the work. In 
cutting a line curving to the left, the wrist assumes 
the same motion, and if the line is curving to the 
right, the wrist follows the line in that direction. 


This also applies to short curved lines, but on long 
curves a certain degree of body motion is also nec¬ 
essary along with the wrist. All this work is done 
standing up, and the body motion consists of step¬ 
ping along and turning with the curved line while 
chiseling. In whatever way the curve is cut, the 
body naturally moves in that direction. 

A spiral must be chiseled in sections; certain 
parts are chiseled toward the right and others to¬ 
ward the left. This also applies to less curved 
lines. Such work is best done in an engraver's 
swivel vise, but if you only have the regular bench 
vise which swivels, it can be left loose and turned 
in the desired directions. By turning the swivel 
vise, you often save chiseling a curved line from 
two different directions; all you have to do is stop 
chiseling when unable to go on, turn the swivel 
vise, and continue chiseling in the same direction. 
It will frequently be found necessary to swing it 
to right or left during execution of the work. 

Shading of leaf work is usually done with a lining 
graver, which Figure 153 illustrates. T hese gravers 
are made in a variety of widths and a number of 
lines, and are used in the same manner as a chisel 



Fig. 154 

Only the fines! engraving is appropriate for the better arms 
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which makes several lines at once. These tools 
should be used often by the beginner, for they pro¬ 
duce very finely shaded lines. By tipping the liner 
a little to one side or the other you will find that 
the lines produced graduate in depth and some very 
nice shading can be produced. This lining tool is 
seldom used by the gun engraver who is producing 
a fine piece of work; instead, all the shading of 
ornaments, etc., is done with a hand tool which only 
produces one line at a time. The beginner can use 
a number of lining tools on sight ramps, line of 
sight over the receiver, or other places about a rifie 
where fine shaded lines give a pleasing appearance. 
Much patience and practise is required to have 
clean and evenly cut lines on a steel surface, but if 
one has a talent for drawing, together with deter¬ 
mination and willingness to give such work a trial, 
he will spend many hours of pleasure. 

Etching — Before a design is etched into the 
metal parts, instead of using varnish to cover the 
design, the finished gun engraver uses a lacquer of 
his own preparation; it consists of one part white 
beeswax, one part mastic, and two parts pulverized 
Syrian asphalt urn. Melt the white beeswax in a 
clean receptacle and add mastic. Mix the two in¬ 
gredients thoroughly and add pulverized Syrian 
asphaltum. All should be melted together evenly 
by stirring while they are under heat. It requires 
some lime before these parts are mixed thoroughly. 
Keep agitating by constantly stirring until you are 
satisfied that all is mixed. Pour the contents into a 
pan of water, and while it is still warm, press it into 
small bars with the fingers. This material produces 
the covering lacquer for the design to be etched; 
however, it cannot be used for covering in that 
state. When ready to cover the design, with a 
sharp knife scrape a small amount off a bar into 
a shallow, small, clean dish and add enough pure 
spirits of turpentine to dissolve it. Always keep 
this lacquer protected from dust, etc. 

Should the part of the gun which is to be etched 
have any screw holes or other openings, they should 
be plugged with wood and wax and the part thor¬ 
oughly cleaned to remove any oil spots. Should the 
design to he etched be of a complicated form, the 
engraver draws it free-hand on the gun part with a 
steel marker. This should be done before the part 
where ihe surface to be etched is cleaned. 

The design is now ready to be covered with the 
lacquer, which is done free-hand with the aid of a 
fine pen, just as if drawing with pen and ink on 
paper. The lacquer should not be too thin but just 
thin enough to flow readily through the pen. Care 
should be taken not to touch any part of the design 
already covered, before it is thoroughly dry. If 


you do not touch it at all. even dry, so much the 

better. 

When the ornaments are covered with this lac¬ 
quer and arc thoroughly dry, the large surfaces on 
the gun part, such as the under side, are then cov¬ 
ered with a mixture of asphaltum and wax, which 
the gun engraver also prepares himself by melting 
the two together. This, of course, must be warm 
in order that the surfaces may be painted with the 
aid of a small brush. When you are certain that no 
metal is exposed with the exception of the back¬ 
ground which is to he eaten away around the orna- 
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mentation, then is the time to hang the gun part in 
the acid—as described in Chapter XXII. Volume I. 

For fine and deeply etched designs, the design or 
ornamentation, especially stems of leaf work, should 


be held a trillc heavier upon the steel parts being 
etched, or else the acid is likely to under-eat to 
such an extent that the fine lines will disappear 
altogether. 
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When the gun part is etched deeply enough, take 
it out of the acid and wash with water. The cover¬ 
ing lacquer is removed with the aid of a cloth 
dipped in turpentine and the wax with a little heat 
and a soft cloth. 

The gun engraver now has the ornaments in relief 
with the background eaten away. He proceeds to 
use his engraving tools for the purpose of cleaning 
out ragged lines, cutting out tine points of leaf 
work, and—very important—the shading of leaf 
work. It may be that you wish some modeling of 
the ornamentation which has been etched out. All 
this is done with different tools and punches, and 
the one who knows his profession is capable of pro¬ 
ducing a most beautiful piece of work. Matting of 
the background will add much to the work. 

Of the few useful articles which can be decorated 
to a high degree without marring their beauty or 
efficiency, the rifie, shotgun, and hand gun are fore¬ 
most. The prevailing idea that engraving is very 
expensive is without foundation. Because of their 
erroneous ideas many sportsmen would rather have 
a plain gun. A firearm devoid of any engraving 
looks very well when new, for the coloring of the 
bluing or case-hardening on a shotgun action sup¬ 
plies the requisite ornamentation. When the fire¬ 
arm becomes a little worn, the hardened surfaces 
begin to assume a far different color, especially on 
a shotgun. When the bluing begins to wear off, it 
changes the steel to a dirty-white hue. The rich 
blue on trigger guards, bolt handles, forearm irons, 
etc., also wears down to the bright white metal. On 
shotguns, the joints between sections of the action 
and barrels become too apparent and are obtru¬ 
sively to the fore, and the gun offends the artistic 
eye more and more as time advances; whereas, the 
wise expenditure of only a few dollars for some fine 
scroll engraving would furnish lasting decorations. 
The greater the wear, the more the fine qualities of 
the engraving and graceful outlines of the arm ap¬ 
pear. Figure 156 illustrates various designs that 
can be used either for etching or engraving. 

Many object to engraving because the weapon 
cannot be so readily kept clean; therefore, the lines 
of the engraving should be kept shallow so that the 
engraved surface is as easily cleaned as any of the 
plain parts. The real objection appears to have 
been the practise of high relief work on cheap arms; 
the difference in quality and price dependent upon 
the amount of engraving rather confused the buyers 
of these arms. The natural effect of this was that 
such engraving was a comparatively cheap process 
badly cut into the metal. These inexpensively pro¬ 
duced arms had a few dollars spent on the engrav¬ 
ing and were sold as, and represented to be, arms 
of the best grade. These guns mostly came from 


Belgium and Germany and importers sold them at 
extremely high figures. 

Of recent years the demand for highly engraved 
guns has greatly increased, and because of these 
demands 1 have sent all my work of this type to 
Mr. Kornbrath. He has supplied some beautiful 
specimens of decoration, as the cuts will show. In 
some instances the work consists simply of scroll 
design, while others are of sporting subjects chiseled 
in low relief in the metal itself; in others, the 
decorations have taken the form of allegorical 
figures embossed in high relief upon the floor plate, 
guard, and barrels, in gold, platinum, and other 
precious metals. The cut which has an Indian de¬ 
sign upon the floor plate and guard of a Springfield 
is one of the finest examples of the engraver’s art. 
Naturally, a masterpiece like this greatly enhances 
the value of a gun, and it is an easy matter to spend 
a thousand dollars upon decorations alone. 

In the engraving of guns for customers, the usual 
recommendations are not elaborately engraved dec¬ 
orations unless all other parts are within keeping; 
these comprise beautiiully figured wood, barrel and 
fittings perfectly blued, and fine checkering or 
carving. The money so expended, if it could not be 
spent to better advantage in workmanship on metal 
and wood, could at least be so expended that at¬ 
tempts to misrepresent the cheapness in workman¬ 
ship would be rather misleading. Appreciating to 
the fullest extent the real worth of appropriate en¬ 
graving upon firearms, I never care to have the 
finest arms bare of decoration so that when once 
the gloss of newness has gone they present a bald 
appearance. 

Fine workmanship is in itself an excellent indi¬ 
cation of quality, and fine mechanical skill is more 
noticeable in perfect fitting and outlines. Orna¬ 
mentation or engraving is probably more noticeable 
than any other point on some firearms. Decoration 
need not be wholly confined to the engraving of 
lines; the greatest beauty of all is the graceful con¬ 
tour of a well designed gun, proportionate in every 
part, boldly outlined, yet gracefully turned where 
too sharp an angle would offend the eye. Then, 
too, the checkering upon the pistol grip and fore- 
end not only enables the user to obtain a surer grip, 
but is in itself very attractive when well laid out and 
skilfully executed. The well engraved gun will have 
every bolt, every pin, every part, not only propor¬ 
tionate, correctly fitted, and well made, but so 
placed as to be of actual service and its position 
utilized in the usual scheme of decorations so that 
upon close examination it would appear that, with¬ 
out that most minute line or point, the weapon itself 
would be incomplete. 

The gun lover must face the fact that the game 
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Fig. 157 

Colt calibcr-.45 automalic pistol. Figures in gold and platinum inlay. High relief work. Note the steer's head carved 

in the ivory grips, and the diamonds set in tor the eyes. A beautiful work of art 
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of America is disappearing year after year, the ever- 
increasing army of hunters—as well as the bag 
limits—growing slimmer. It would almost seem as 
tho the sportsman and true gun lover must take the 
greatest pleasure in arms themselves, and handle 
and look upon their beauty day by day; therefore 
gun makers must turn out arms of greater beauty 
so that these men can take their keenest pleasure 
in dreaming of their performance, their fine appear¬ 
ance, and lastly their art value, of which he can be 
justly proud when an artist has carved upon its 
steel surface figures of game that roamed our moun¬ 
tains years ago. 

It will be well for the beginner to study the best 
designs of gun engraving and not copy some of our 
American arms manufacturers who only place a lot 


little better grade than the ordinary. Engraving 
such as this may catch the eye of the novice, but 
to an experienced rifleman it cheapens the weapon. 
If engraving is to be used, have it executed by an 
experienced engraver for a few dollars which will 
offset the plainness with real hand work and include 
a bird dog, or even some game scenes which would 
add greatly to the beauty of the arm. 

The British engraving consists usually of very 
fine scrolls forming small patterns, and not the 
large free-hand sprawling lines of many of our de¬ 
signs. Fine English scroll is beautiful, and to be 
fully appreciated must be examined closely with a 
magnifying glass. These designs should be copied; 
the charm of this work is that it is not obvious at 
a distance. 



Fig. 158 

Initials for monograms, engraving, etching, etc. 


of meaningless lines on a gun. Usually these arms 
are covered with heavily carved scrolls which are a 
disgrace to a weapon; to copy these is out of the 
question. I have seen well-made American arms 
on which the makers went to the trouble of stamp¬ 
ing dogs, ducks, geese, etc., on the sides of their 
guns to give the appearance of a high grade or a 


Figures such as dogs, birds, deer, moose, elk, 
and one’s initials or monogram, appear to better 
advantage when finished in gold. The outlines of 
the animal or letters are first chiseled, and dove¬ 
tails are cut or chiseled up along these outlines with 
small chisels of various sizes with round and flat 
points or edges, straight lines with straight points, 
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and curved lines with round points. Steel is thrown 
up to anchor the metal in various places and then 
the pieces of gold, which consist of 24-karat gold 
wire , are laid beside each other and hammered into 
place, one at a time, until the figure is filled with 
gold. The use of a flat punch over this gold will 
force these gold wires together and the connections 
between them will not show when the inlay work 
is completed. The edges are then trimmed and full 
details arc carved or chiseled out, even to showing 
the hair. Figure designs are rather difficult to en¬ 
grave, and it will be well to practise on a steel or 
copper plate before any attempt is made on a gun 



Fig. 159 

Springfield magazines and floor plates. Animals in 
gold. High relief work 


part. If you arc able to draw all the animal designs 
illustrated in this chapter, and transfer them on 
metal, you are an artist. When using gold, do not 
have it stand out boldly as tho it were hung there; 
it should be in the form of a relief design and con¬ 
stitute a part of the engraving itself. Relief work 
consists usually of nature studies drawn from nature 
with a pencil. Do not try to engrave until you 
are able to draw successfully with a pencil. You 
will only increase your difficulties so much that you 
will be dismayed and give up further effort. Choose 
a simple nature study for your first relief engraving, 
small and yet effective, such as small leaves, ferns, 
etc. Do not have one leaf cover the whole action, 
but place a number of small ones connecting 
with each other, their stems forming other parts of 
the design. Many times your efforts will be lost, 
but there is always a way to correct a bad slip of 
the graver. 

Often the owner of a tine gun, or a person about 
to have one made, wishes to have a scene from one 
of his hunting trips engraved on a part of his gun. 
This is possible not only with pictures of trips or 
trophies, hut with pictures of hunting dogs. All 
can easily be incorporated by the experienced en¬ 
graver, and also by the student—after considerable 
practise. If you are not able to carry out the 
chiseling effects, allow the work to be done by the 
etching process. 

Engraving, as you know, is cutting lines into the 
surface of a gun part or any other steel surface. 
Such work should be done with fine, firm lines cut 
into, not scratched upon, the metal surface. All, of 
course, depends upon the artistic sense and skill 
with which you are able to execute the work. Any 
design may be traced upon the metal and cut up 
to a certain degree. Very fine scroll work is the 
accepted standard, for these lines best adapt them¬ 
selves to the first requisite of engraving from the 
gunmakcr’s point of view, namely, the hiding of 



Fig. 160 

Model 39 Marlin rifle, caliber .22, engraved with enake 
and bear in gold. High relief work 
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joints, screw holes, ugly straight lines, obtrusive 
pins, etc. The gun engraver should by no means 
neglect to make screw heads, pins, etc., constitute 
part of the decoration. The engraving of animals, 
bouquets, and other subjects demands greater skill 
and a clearer perception of artistic effect. 

The use of tools and their proper angle to the 
work is one point which must be realized through 
experience. To hold a tool at the correct angle so 
that the perfect fine lines can be produced is a mat¬ 
ter of long hours of practise; not impossible after 


you chisel out some sample pieces on cold-drawn 
steel plate. Then you can study the effects of the 
various pressures you have been applying with the 
hammer upon the end of the handle where the 
graver is inserted. Rigid rules are a means of be¬ 
coming perfect, and in the end your work will show 
a vast improvement. This class of work brings 
your artistic ability to the fore, and from such con¬ 
stant application of your efforts you will become 
an artist of a fine order. 



CHAPTER XXVH 

Appraisal of 
Craftsmanship 
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Appraisal of Craftsmanship 


W E ALL, as we pass through life, pick up and 
absorb preferences which ultimately determine 
our standards. An interesting feature of this is the 
wide divergence of preferences and the impossibility 
of their reconciliation. That even this is good is at 
once apparent, for the likes and dislikes of each of 
us supply the infinite variety that is the spice of 
life. 

Fortunately most preferences are the result of 
personal satisfaction and are therefore honest and 
free from mere prejudice. Good workmanship, 
freedom from break-down, reliable average perform¬ 
ance, should and do constitute favor. Still there is 
something more than this, something often quite 
indefinable, which nevertheless invariably tips the 
scale in one’s estimation. Nowhere is it more surely 
evidenced than in the choice of a gun. There are 
three kinds of people who buy guns. One type 
buys them merely to kill things with; to these they 
are merely a tool. A second loves hunting and 
guns equally, and as his skill increases he delights 
in making the quest more difficult and the means 
more exacting. To him a gun is never a tool—it is 
of all his inanimate possessions the one most loved. 

It is the companion that he takes into the solitudes; 
it is the lengthened finger with which he secures 
his quarry : it is the instrument upon which he tests 
his skill. 1'his man’s hunting season embraces the 
whole year, for his beautiful weapon is never hidden 
away. It has an equal share in his hunting stories, 
it is associated in his happiest memories. It is his 
“gun.” The third type is the gun-crank pure and 
simple, he to whom hunting is merely the oppor¬ 
tunity to test out a formula or attempt the impos¬ 
sible. To this last group we must always stand 
indebted, for the endless quest of its members has 
brought us the improvements and developments that 
make the modern gun so efficient and beautiful. To 
the great second group, however, do we turn as we 
contemplate the gun and its uses and philosophize 
in our own little way. Its members generally ex¬ 
hibit the balanced opinion. It is for them that we 
l’ke to make guns. 

We believe that outside of the general utility in a 
gun, balance, by which we mean the harmony and 
proportion of all its parts and the beauty of lines, 
is the most appealing. And nobody has ever been 
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able to get beauty and harmony into a gun who 
did not first have them in his soul—who has not 
made guns first because he loved to make them and 
secondly because they were the means through 
which he secured his bread and butter. 

Now when we come back to our subject and 
attempt to appraise craftsmanship we must not lose 
sight of this last statement—that guns made by 
men who love guns and who try to express them¬ 
selves through them, will always be better guns 
than those made by a machine, however ingeniously 
or skilfully turned out. 

I am going to talk to you for a few minutes 
about some of the salient features of good guns, and 
I want you to be kind enough to let me use as ex¬ 
amples two well-known makes—-one American and 
one British. I pick these two from the long list 
which embraces all nations, not because I claim 
superiority in them to others, but because they are 
representative makes, are associated with genera¬ 
tions of gunners, and are familiar names wherever 
guns are talked of. Please do not accuse me of 
being prejudiced or invidious when I mention the 
names of Westley Richards and Parker Brothers as 
hooks upon which to hang my thesis. Westley 
Richards’ inventions are an important and integral 
part of every modern double gun—cocking by 
means of the barrels, the box lock, the top lever, 
the fore-end ejector. And as to our good American 
maker, I am sure no other maker in America will 
be so ungenerous as to feel annoyance that we 
should use the famous old firm as our native 
exemplar. 

Both of these makes, as it happens, are identified 
with the box-lock style of mechanism, Parker 
Brothers exclusively, Westley Richards predom¬ 
inantly. Now it happens that I am among the 
warmest admirers of side-lock guns as made by the 
great London makers, and admit, offhand, their 
inimitable beauty: but l do not hesitate to say that, 
aside from this, they have no advantages over the 
box-lock and that to be of equal quality they must 
inevitably cost much more. This, therefore, gives 
us our first suggestion: namely, where cost is an 
object you will always get a better gun for your 
money in a box-lock gun. It may be urged that I 
am not giving proper consideration to the dismount- 
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able qualities of the side-lock; to this I answer that 
if you must take your gun to pieces. Westley 
Richards’ detachable lock system enables you to 
do this with no tools whatever except your fingers. 
We shall enlarge upon this later. 

Over-and-Under Guns — When discussing the 
best quality of modern workmanship, it is well to 
bear in mind the practical achievements of the past. 
In short, sum up their all-around advantages and 
make comparisons of them with further modern ad¬ 
vances of proved inherent utility and design in all 
points made under a wise supervision to ascertain 
what is the best type of modern gun to choose. 
Since reference has been made to the Westley 
Richards arms, a description may as well be made 
of some of the hne points of their “Ovundo” or 
“over and under” principle of design as presenting 
a wonderful example of a high-class arm in this 
style. The Westley Richards “Ovundo” gun. top- 
lever action, embodies all the well-known features 
of the makers, such ns the new quadruple grip, top 
safety bolt, Westley Richards ejector mechanism, 
hand-detachable locks, hinged cover plate, and 
their reliable one-trigger system. These guns are 
box-lock guns but have dummy side plates resem¬ 
bling a side-luck gun. These are used so that 
opening traps in them may be provided enabling 
the one-trigger mechanism to be oiled with a tip of a 
toothpick and kept properly cleaned. For applying 
the necessary oil, the ordinary gun must be stripped 
down—a practise to be avoided except by a trained 


mechanic. These side panels obviate this difficulty 
and constitute another superior advantage of the 
“Ovundo” construction. The illustration shows this 
feature both in rifle and shotgun. (See Figures 161 
and 162.) 

The main principle of design, together with per¬ 
fect craftsmanship, must be a prime consideration; 
for if a gun, no matter how well made, is con¬ 
structed with a working movement which presents 
great strain and great friction, such designs will 
speedily wear out. Some would advance the idea 
that this would be the case of an over-and-under 
gun because some peculiar strain and friction can¬ 
not possibly be avoided. It is not so in this present 
day and age when the finest materials possible go 
into construction. This is true of materials as well 
as workmanship. The great modern advances in 
the chemistry of alloys has given us steels of hard¬ 
ness, ductility, strength and non-corrosive qualities 
that exceed everything hitherto available. 

Figure 163 shows an important part to decide 
upon—the principle of the locking features. No 
special rules can be given to govern the formation 
of this selection other than simplicity and safety — 
always worthy of favorable consideration. Nat¬ 
urally, the greater the simplicity the better, pro¬ 
vided it works to the full accomplishment of all the 
ends desired. Next to simplicity may be selected 
durability, and next to this may come the principle 
of good shooting and safety of the arm. The West- 
ley Richards “Ovundo” gun, whether in a rifle or 
shotgun, was not designed to satisfy a natural desire 



Fig. 161 

Weslley Richards "Ovundo" gun. The shoigun 



fig. 162 

Westley Richards "Ovundo" gun. The rifle 
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Fig. 163 

Wosllcy Richards "Ovundo" locking features 


for a change, but to achieve definite and important 
ends, the chief of which was to provide a narrow, 
convenient, and well defined aim line to hold the 
eye, as opposed to the obstruction formed by two 
barrels and the connecting top rib of the ordinary 
“double gun” over which the eye can stray at large. 

There is little doubt that the narrow sighting base 
throws into high relief errors in aiming and is there¬ 
fore an advantage. Placing the barrels one above 
the other instead of side by side secures a high 
advantage, and permits a better view of the object 
at the moment of aiming than is possible with the 
sirle-hy-side construction, which often obscures the 
object entirely and causes hesitation instead of that 
quickness of trigger-pull that is so important an 
element of successful shooting. 

The extensive use of guns designed and con¬ 
structed on lines of the particular over-and-under 
models here illustrated enables me to offer a gun- 
maker’s opinion concerning their general character¬ 
istics for sporting uses. A casual acquaintance with 
mechanical principles will assure the owner of one 
of these guns that all vital matters connected with 
opening, closing, and firing have received very 
favorable comments. Naturally, an inspection re¬ 
veals the agreeable features of simplicity, strength, 
and easy working, without going too far into tech¬ 
nicalities. Effective discharge is insured in the 
gun locks constructed on the detachable principle. 
A pair of extra interchangeable locks which can 
instantly be inserted into the gun are a complete 
insurance against having any hunting trip end in 
failure. 

Detachable Locks — One of the latest improve¬ 


ments is the permanent attachment of the cover- 
plate to the body of the action by means of a hinge 
which can be opened and closed in the same man¬ 
ner as the lid of a watch case; the locks when re¬ 
moved will remind you of a watch with its beauti¬ 
ful finishes. It is very interesting to discover that 
each lock in this type of gun functions perfectly with 
nearly seven limbs, as compared with double that 
number of parts found in the usual side lock of 
ordinary guns; this fact may he verified in the 
simplest manner, for these locks can be instantly 
removed with the finger and thumb without the 
aid of any tool to facilitate inspection, cleaning, 
and oiling. 

The mechanical arrangement of barrel and 
breech fittings insures rigidity and firmness to with¬ 
stand the repeated firing, which may extend over a 
lifetime of use. The ejecting mechanism in the fore¬ 
end of the stock, with an improved one-trigger, 
fires the barrels in any order, right-left or left- 
right, continuously, as may be found expedient. 

Many sportsmen who come to my shop are rather 
inclined to doubt the utility of guns made on this 
principle. They probably overlook the fact that 
invaluable assistance is rendered by the less 
obstructive hindrance of barrels placed one above 
the other. Close observation of the habits acquired 
in game shooting will reveal the slight pause made 
by many shooters prior to pulling the trigger. This 
is caused by the natural desire to obtain a better 
view of the bird at the moment the gun butt 
reaches the shoulder. They cannot have the mind 
and trigger finger work together, because the bird 
is wholly or in a large measure obscured by the 
width of the side-by-sidc barrels, and while the 
time thus occupied may be scarcely measurable, it 
may comprise the whole of the difference between 
killing and missing the game. This desire to get a 
dear view of the bird is common to all shooters, 
and is responsible for more failures than any gun- 
stock rnisfils, poor ammunition, and all other al- 
ledged causes pul together. Tt. seems to me that, 
while it is not in human nature to overcome this 
difficulty entirely, those who acquire a reputation 
as fine shooters have found the method to counter¬ 
act the adverse effects of these habits. Where none 
of these rules can be brought to bear it is natural 
that the inexperienced gunsmith or gun lover 
should turn to these chapters for aid in forming 
judgment upon the quality of any gun; hence a few 
unused ideas may not be out of place. 

All the movements of the action should be 
smooth and all the joints should fit perfectly. The 
locks should have due consideration: when the gun 
is opened it should break down without much 
effort. The increase or decrease of power should be 
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extremely gradual and not great. Throughout 
these movements there should be a quick locking of 
the bolt as the top lever is released. In cocking 
the arm the locks should emit a clear ringing sound 
as the sears engage the notches. When once heard, 
this too can never afterward be mistaken. 

We now turn to the chambers and the seating 
of the shell. The counterbore of the chambers and 
the length and width of the action bed should be 
closely observed. The counterbore should be cut 
clean and deep enough to take the rim of the shell 
without leaving the slightest projection, else the 
arm will not close properly. Rut if, on the con¬ 
trary, the counterbore is too deep, the shell comes 
back upon the standing breech before the charge 
makes its exit, which is a means of increasing the 
recoil and renders accuracy less certain. 

I find that the over-and-under guns assist shoot¬ 
ers in another way; this is in the shape of the fore¬ 
arm, which in form and substance differs consider¬ 
ably from the shallow fore-end usually attached to 
double guns with ordinary barrels, as the fore-end 
of the previously named gun covers the lower bar¬ 
rel entirely. Such increased depth fills the forward 
hand most comfortably, and prevents the awkward 
overlapping of the barrels with the fingers which 
many users find a serious hindrance to correct aim¬ 
ing. This changed form of the forearm in over- 
and-under guns is often to be commended as giving 
a much firmer hold, thus increasing the user s com¬ 
mand over his weapon and conferring facilities 
for increased speed in gun swinging and in rais¬ 
ing or depressing the barrels. Motions are not 
well assured by the rather insecure hand-hold 
obtainable on the customary forearm of the older 
type of gun. 

Let us go back again to the detachable lock sys¬ 
tem, as seen in Figures 164 and 165. Each lock 
in this construction becomes a separate unit, 
acting in complete independence of the other, 
which it cannot in any way disturh; by such 



Fig. 165 

Westley Richards detachable lock 


a method greater efficiency is secured under the 
stress of repeated firing. Some men superficially 
argue as if such a refinement were but a selling 
point for the fashionable trade, and had no prac¬ 
tical utility; such an opinion, however, could not 
be held by any one with a sound knowledge of gun- 
lock construction and requirements. This design 
omits useless and disturbing limbs, and from these 
improvements there result other subsidiary advan¬ 
tages in the construction of high-class guns. At the 
same lime it maintains the hammer and striker in 
one piece and so removes the need of a separate 
striker—always a possible clanger of breakage. 
Whatever merit lies in mere detachability is best 
exemplified, in my opinion, by the freest and sim¬ 
plest of all designs in firearm construction. 

Single Triggers — There is perhaps no part of 
the modern gun so vital as the one-trigger mechan¬ 
ism, and I shall hail the day when all double guns 
are equipped with such an improvement. In prin¬ 
ciple it is a distinct aid to quick shooting. Its 
instantaneous action confers a great advantage 
upon the user: comfort, celerity, and reduction of 
personal movement contribute to a greater profic¬ 
iency. It secures the same length of stock for both 
barrels instead of the two different lengths inevita¬ 
ble in a two-trigger gun. How many sportsmen 
have considered that the rear trigger of a two-trigger 
gun is usually placed about three-fourths inch be¬ 
hind the front trigger from which the stock length 
is secured; consequently the user is compelled to 



Fig. 164 

Westley Richards hinged cover plate 
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Fig. 166 

Westlay Richards single-trigger mechanism 


shift his hand and adjust his aim each time he fires 
the two barrels in succession. Not so with the 
single trigger; there is one length and one constant 
adjustment for both barrels. 

The principles underlying the single-trigger 
mechanisms of West ley Richards and Parker 
Brothers are fundamentally the same. Both mech¬ 
anisms have been refined and perfected by experi¬ 
ence. Both are selective, both are on the two-pull 
principle, both act independently of recoil. The 
workmanship in both is the very best. 

These advantages, briefly stated, arc provided by 
Wcstlcy Richards’ and Parker’s latest design of 
one-trigger mechanism. That was their original 
designation as it is today, but here guidance above 
all other points is often required. During many 
years past there has been issued a variety of single¬ 
trigger systems, many of them, whose faults have 
been laid to the principle itself, defective in the 
methods adopted. There never is a limit of any 
mechanical differentiation involved, and opinion is 
often expressed without the slightest attempt to dis¬ 
tinguish one method from the other. Such an out¬ 
look is really deplorable, because it involves in a 
false estimate the conclusion that all methods of 
constructing and designing guns with one trigger 
instead of two can be classed together, in a sort of 
round-up; good and bad alike are refused that crit¬ 
ical discernment which should naturally distinguish 
one class from another, with the result that the 
faults of the bad ones arc applied to all, including 
even the best conceived design, altho the Westley 
Richards system, at least—as Figures 166 and 167 
illustrate—is fundamentally free from vices in ac¬ 
tion which are inherent in all single-trigger systems 
whose limbs are controlled by or subject to the ac¬ 
tion and effect of recoil. 

The vibration set up by the explosion of the 
cartridge and the movements of the gun under re¬ 
coil are disturbing elements, and they vary greatly 



Fig. 167 

Parker Brothers single-trigger mechanism 


in an act. A mechanical device which is governed 
by such inconstant agents cannot possibly assure 
regularity of action, however ingeniously designed 
or constructed and even carefully made. That 
fault was evinced in the original thrcc-pull system 
when snapping off without cartridges. Such a trig¬ 
ger mechanism required three pulls to operate the 
two barrels. The second or intermediate pull is ac¬ 
tuated by recoil—which is variable and admittedly 
cannot be relied upon. This trigger system unfor¬ 
tunately started with the handicap of an erroneous 
conception which lias led to much unnecessary con¬ 
fusion and disappointment. 

In order for a single trigger to be absolutely re¬ 
liable it must be a two-pull mechanism, and its ac¬ 
tion must be independent of recoil. The first 
necessity was to break completely away from false 
estimates of the condition to be met and to receive 
a clear idea of a principle immune from the faults 
attaching to a system built upon such an error. 
That is only to be found in a mechanical device 
which is not subject to the effects of recoil; the re¬ 
coil can neither stay nor accelerate, and is operated 
at the shooter’s will as quickly or as deliberately as 
it pleases him, whether under light, heavy or indeed 
any variations in the effects produced by the cart- 
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ridge discharge. These ideas are attained in the 
Westley Richards and Parker one-trigger mechan¬ 
ism. 

Recoil is not employed to operate the mechanism 
and there is no long draft of the trigger in firing 
either barrel; both pulls are short, clean, and quick, 
and thus imperative to perfect holding and shoot¬ 
ing. They have perfect selective action; either 
barrel can be fired at will followed immediately by 
the second barrel. The shooter, therefore, never 


for we have not developed that high quality of 
workmanship which is so essential in fine arms of 
a better type, when conceived with wonderful in¬ 
genuity of purpose, where the cost goes over one 
thousand dollars. The prohibitive duty placed upon 
the best arms coming into the United States causes 
me to agree with Will Rogers when he calls the 
United States “Cuckoo Land.” 

Figure 168 illustrates Parker’s Invincible, one of 
the highest-grade guns made here in America, a 



Fig. 168 

Parker Brothors best shotgun 


has to fumble with his trigger or place himself into 
exceptional postures—awkward and therefore fatal 
to accuracy—in order to fire double shots. The 
action is easier and more natural than firing a two- 
trigger gun, and considerably faster. It makes no 
difference how the gun is fired or what a shooter’s 
peculiarities may be, either in pulling the trigger 
or handling the gun. It acts just as perfectly, re¬ 
gardless of recoil, and will always act the same. 

In referring thus to one American and one Brit¬ 
ish firm of gunmakers, I am by no means denying 
that good arms are made by others makers, whether 
in England, Germany, Belgium, France, or the 
United States, for this would be going wide of the 
truth. There arc some gunmakers in all these 
countries who turn out the finest the world has 
seen, and the most costly. But exterior finishes 
should never be a guiding point of selection. Often 
arms are models of perfection in outside appear¬ 
ance, but when the l>est shooting is ascertained it 
is often discovered that they have not proved them¬ 
selves superior. To lx* more substantial in my 
remarks, the less finely finished and less expensive 
guns of the American manufacturers have given the 
American product an enviable reputation through¬ 
out the world. Naturally there is a separating line 
in the purchase of a cheap gun, and when funds 
are low it is much better to secure a gun of Ameri¬ 
can make than one of foreign manufacture. On 
the other hand, when we choose the very best 
we must go to England and select a British gun. 


beautiful example of skilled craftsmanship. A 
‘‘best’’ gun, in my opinion, is one perfect in design, 
simple and efficient in its parts, fashioned by the 
most skilled hands, with each component mechan¬ 
ically disposed and cunningly interrelated, and 
adjusted with precision. Such a gun should exhibit, 
in other directions, qualities of corresponding at¬ 
tainment; barrel-cuppling and exact shape and size 
of internal portions finely bored, gauged, and fin¬ 
ished. thus insuring the proper action for attaining 
the best workable velocities, complete regularity, 
and even pellet distribution. A gun of this kind 
provides the most desirable balance, and by reason 
of the disposition of parts, spring, weights, and 
diameter assures pulls capable of fine and lasting 
adjustment, which can be readily effectuated to suit 
individual wishes and taste; also an efficient system 
of ejectors and a reliable selective single trigger in¬ 
dependent of recoil. Finally, it is one whose prod¬ 
uct of constructive craftsmanship is refiecled in the 
exterior lines, which present a happy symmetrical 
effect. 

The locking of the barrels in the Westley 
Richards and the Parker guns presents perhaps as 
wide a divergence as will be found in any compara¬ 
tive systems. Messrs. Westley Richards have 
always been the exponents of an elaborate and 
emphasized bolting system consisting of the usual 
Purdey under bolts and a “doll's-head” jointed on 
the radial curve and locked with a sliding bolt. 
This is an expensive plan and requires unusually 
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Fig. 169 

Another Parker Brothers shotgun 


close workmanship. It is obviously impossible in 
cheaper grades or in machine production. Never¬ 
theless, we all must admit its great strength and 
thoroughness. Messrs. Parker s system, in com¬ 
parison, seems ridiculously simple, for only one of 
the bottom lumps is boiled and the lop extension 
provides little other than a guide to the extractors. 
Vet so adequate are the contact surfaces and so 
positive the bolting that no criticism whatever can 
be leveled aginst it. Rather we must all congratu¬ 
late the makers that they have achieved such good 
results in so simple a manner. 

No higher recommendation can be given any gun 
than is found in the bare facts about a certain 
Parker which came to me for repairs. The owner 
purchased this gun in 1897; it had Damascus bar¬ 
rels of the A.H.E. grade. It needed tightening 
of the action, a few dents removed, the stock re- 
pnlished, and barrels and action refinished. This 
was the first lime this gun had ever been in a shop 
for repairs—convincing proof of the lasting quality 
of an adequately priced gun! The average layman 
will be prone to state that better materials and 
workmanship were placed in the arms of thirty-six 
years ago, but he forgets that we in the mechanical 
field are gradually advancing in a cycle of evolution 
and year by year see improvements over the past, 
be they ever so small. The fact must never be for¬ 
gotten that the world owes its progress to men who 
could see beyond their noses, who could conceive 
of things no one had actually seen. “Everything 
that is attained starts with a dream of it,” is a 


saying wc all know to be true, yet we go on forever 
giving the big rewards to the doers. The man who 
can only dream Jives in a hostile world, as 1 have 
found. His real world is in his mind, and when he 
steps out of it into human society he is only a 
stranger and alone. To he successful he must com¬ 
bine his dreams with accomplishment, for the world 
of today is ruled by people who do things. 

The eye teaches you to recognize at sight the 
predominating distinctions of fine craftsmanship. 
In cases where there are no means of ascertaining 
the quality of a firearm from the grade stamped or 
affixed or the test made by a responsible maker, the 
gunsmith will naturally be forced to turn to his 
own resources. What these are l cannot state. The 
firearm should be subjected to a most critical ex¬ 
amination, in obedience to rules set apart for such 
examining, alter which the shooting qualities should 
be thoroughly tested. To no apprentice should be 
entrusted such a shooting test, tho he should be at 
hand to learn these requirements while the work is 
being performed by an expert. When a man pur¬ 
chases a firearm he docs it in the expectation of 
becoming the owner of a gun qualified to shoot 
well, and no matter how perfect it may be in vari¬ 
ous other respects, any deficiency in this particular 
is sure to rouse him to a high state of ire and dis¬ 
satisfaction with the makers. 

The exclusive models in Figures 170 and 171 
give an example of this conception. They show 
products of superior merit, executed by the most 
skilled and disciplined craftsmanship within modern 



Fig. 170 

Westley Richards best shotgun 
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Fig. 171 

A better example ol Westley Richards best shotgun 


command, while at the same time they display an 
application of the most carefully studied refine¬ 
ments of taste. Apart from their guaranteed ef¬ 
ficiency and durability, there is an ingrained 


character in them, something presenting unusual 
attraction, an elusive quality of art, due perhaps 
to the subtle influence of inheritance and tradi¬ 
tion. 



Fig. 172 

There is some strange mellowing Influence that prevails alike upon all men and women 

who shoo! 
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CHAPTER XXVID 


Review of Military Small Arms 


M ANY references to military arms have been 
made in these volumes. As the National 
Rifle Association sells military arms and ammuni¬ 
tion through the Director of Civilian Marksman¬ 
ship, it is in order to describe these weapons of 
different nations. Military arms are often the 
means of making very fine sporting rifles—by 
modeling them to the various ideas that your wishes 
may dictate. As our best sporting arms are con¬ 
structed from such weapons, it is very desirable for 
the student to know them thoroughly, even if they 
arc only to be used for experimental purposes. 

The following detailed description is taken mainly 
from the Textbook of Small Arms published by the 
British Government, and the extracts from that 
work here reproduced arc used by special permis¬ 
sion of his Britannic Majesty’s Stationery Office, 
London: 

All military rifles of more modern design are 
breech loaders and are fitted with magazines which 
will contain five or more cartridges. The breech 
action, without exception, is operated on the “bolt'’ 
system. In this design a hollow cylinder of steel 
with a solid end is fitted with a handle and knob 
which is locked in position behind the cartridge in 
the chamber of the barrel, and together with the 
metal of the cartridge case, closes the breech against 
all escape of the gases of the explosion in a back¬ 
ward direction. The pressure developed by the 
burning powder is between 36,000 and 55,000 
pounds to the square inch; therefore a considerable 
margin of safety may be allowed. The pressure is 
resisted, taken up, and transferred to the action 
body by one or more lugs" which work in cut-outs 
in the action or receiver and serve as resistance 
shoulders. 

The lugs are part of the bolt and are developed 
when it is machined to form in the manufacture. 
From a mechanical point of view, the best designs 
arc those in which they are disposed symmetrically 
—so that the pressure is taken up evenly—and are 
placed as near the bolt head as possible in order 
that the bolt itself shall not be subject to stresses 
which are bound to be taken up unevenly by a long 
column of metal free to move within given gauging 
tolerances, in any direction. The bolt is hollow in 
urder that it may contain the firing pin or striker, 


the main spring which actuates it, the cocking piece 
or bolt head, the sleeve, etc. The bolt is also fitted 
with an extractor, which is really a hook or claw to 
engage with the rim or groove on the base of the 
cartridge case and extract it from the chamber after 
firing. A safety device, in the nature of a lock to 
prevent accidental discharge of the rifle, is usually 
fitted to the bolt sleeve at the rear of the bolt. The 
receiver body or action, in which the bolt works, is 
screwed to the barrel. The interior is grooved or 
broached to allow the lugs to pass when the bolt is 
worked, and is recessed so that the lugs will be 
given a substantial bearing surface when in the fir¬ 
ing position. The right side of the body is usually 
cut away to allow the formed cases to eject to 
that side. 

Barrel design and form of rifling in all modern 
military rifles are very similar, but the real differ¬ 
ences will be found in outside contour of the barrel, 
from a straight taper starting at the muzzle and 
reinforced at the breech. Various arms have bar¬ 
rels turned in the nature of steps, the object being 
to break up the barrel vibrations in firing. The 
barrels vary in length from 24 to 32 inches, and in 
caliber of bore they run from 6.50 mm. or 0.256 
inch to 8 mm. or 0.315 inch, and in weight between 
2 pounds 3 oz. and 3 pounds 5 oz. In all but two 
cases the form of rifling is that which is known as 
concentric or “Enfield,” with four grooves (five in 
the case of the British short-magazine Lee Enfield). 
The two exceptions are of segmented or “Medo- 
ford" form. Of these the Danish Krag has six 
grooves and the Japanese rifle four grooves. The 
twist of the rifling is to the right or clock-wise, 
except in the cases of the Model 1917 caliber 30-06 
or Lee Enfield British and French rifles. The 
Italian rifle has what is called a progressive twist. 

The trigger mechanism on military actions, in 
every' case, has what is called a “double pull” or 
preliminary trigger pull. In such systems, the trig¬ 
ger mechanism is so arranged that after a long light 
pull the motion is stopped, the firing pin being re¬ 
leased by a further short and heavier pull. 

In view of the fact that the military breech ac¬ 
tions arc all on the bolt principle, much ingenuity 
has been shown in designing them to function with 
considerable speed, regularity and safety. There 
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arc many and important differences between the nary “turn-bolt*' action, in which the breech is first 

various types of these rides. The main dividing unlocked by turning the bolt upwards and then the 

line is between the “straight-puir actions, in which cartridge extracted by drawing the bolt backwards, 

the bolt is drawn straight back to extract the tired A new cartridge is fed in and the breech locked 

case and pushed straight forward again to feed in again by a reverse movement. Of straight-pull 

a fresh cartridge and lock the breech, and the ordi- rides the only ones now in use are the Austrian 



Fig. 173 

Mauser. Model 1898 Rifle (Germany 
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Mannlicher and the Swiss Schmidt-Rubin. The 
Ross, once the arm of Canada, is now obsolete. 

Turning bolt actions may be divided into three 
classes: Mauser and Mauser types, Mannlichers, 
and other types. In the last category are the Lee- 
Enfield, the Lebel, the Nagant, and the Krag- 
Jorgensen. 

Mauser Rifles — The Mauser action is that 
most generally in use, more than twenty nations 
being armed with this type of ride. Figure 173 
illustrates a typical Mauser action and has been 
reproduced from the descriptive handbook of The 
Mauser Magazine Rifle (Model 1904). 



Model 

Caliber 

Size 

M auser Rifles 

Caliber Millimeters 

Jnrhes 

Argentine. 

1801 

7.65 

0.301 

Belgium. 

1880 

7.65 

0.3C1 

Bolivia. 

1801 

7.65 

0-301 

Brazil. 

1004 

7.00 

0.276 

Chile . 

1004 

7.00 

0.276 

China. 

1803 

7.00 

0.276 

Colomhia. 

1801 

7.65 

0.301 

Ecuador . 

1801 

7.65 

0.301 

Germany. 

1808 

7.00 

0.311 

Luxembourg. 

1806 

6.50 

0.256 

Mexico. 

1002 

7.00 

0.276 

Peru . 

1801 

7.65 

0.301 

Portugal. 

Persia. 

1004 

Various old 
Models 

6.50 

0256 

Spain . 

1806 

7.00 

0.276 

Sweden . 

1006 

6.50 

0.256 

Turkey . 

1005 and other 
Models 

7.65 


Uruguay . 

1805 

7.00 

0.276 

Yugoslavia . 

Mauser Type Rifles 

1800 

7.00 

0.276 

Italy. 

1801 Adopted 

6.50 

0.256 

Japan . 

Yen 38th Model 

6.50 

0.256 

United States .... 

1003 Adopted 

7.62 

0.300 


The Mauser bolt is of strong and simple con¬ 
struction, in one piece, without a separate movable 
head. The locking lugs arc opposite one another at 
the front end, a,a, illustrated in Figure 173 on the 
German military bolt (Model 1898); and on the 
Model 1904 holt is an extra lug, al, engaging in a 
recess in the cylindrical part at the rear end of the 
body. This acts as an additional safeguard in case 
the from lugs should break. The lever or handle is 
straight and stands out at right angles from the 
rear end of the right side of the bolt. The end is 
formed to a round knob. 

At the back end of the bolt is cut a cam-shaped 
recess d which receives the stud of the cocking piece 
and on turning up the bolt lever slightly withdraws 
the striker. On the opposite side is a small notch 
d2 for the tooth of the safety bolt. The small rib 
a2 is special to the German and Model 1904 rifles. 
It acts as a guide in withdrawing the bolt. When 
the bolt is closed it lies underneath and supports 


the extractor. The face of the bolt is recessed to 
take the base of the rimless cartridge. 

The striker or firing pin has a short point and 
collar e against which the main spring bears. The 
rear end has three interrupted grooves for connec¬ 
tion with the cocking piece. The rear portion of 
the pin is flattened on two opposite sides to prevent 
it from turning in the bolt plug. The Model 1889 
(Belgian) rifle has a striker differing somewhat from 
later designs. The rear end is threaded, and a rib 
formed on the pin takes the place of the flats in 
preventing the striker from turning. The main 
spring is of 0.06 inch diameter coiled wire with 29 
to 31 coils in the different models. Uncompressed 
it is about S inches long. 

The cocking piece d is provided with interrupted 
lugs, so that it can be connected to the striker pin 
by giving it a quarter-turn. An incorrect connec¬ 
tion of these parts is impossible, as the rear groove 
of the striker and the corresponding bearing in the 
cocking piece are broader than the two front ones. 
In the Model 1889 a female thread takes the place 
of an interrupted lug; on the under side of the 
cocking piece is a projection / which travels in a 
groove cut for it in the tang of the body. This 
projection engages with the scar nose when the bolt 
is pushed forward, so that the bolt travels forward 
while the striker remains stationary, thus compress¬ 
ing the spring fully for firing. The front top sur¬ 
face of the stud g is chamfered to correspond with 
the sloping surface d at the end of the bolt. On 
turning up the bolt the cam surface d forces back 
the stud g, gives a preliminary compression to the 
spring, and withdraws the point of the striker from 
the fired cap. 

The bolt plug e screws loosely into the rear end 
of the bolt by means of a buttress (reinforce) 
thread, and closes the opening through which the 
striker is inserted in assembling. It serves as a seat 
for the main spring. It takes no part in the turning 
movement of the bolt, the cocking stud / working 
in the slot //. Peculiar to the German Model and 
also the Model 1904 is the strengthening of the 
front part of the bolt plug in semicircular shape. 
This flange acts also as a shield to protect the user 
against accidental back-blast. In the German and 
Model 1904 rifles also there is on the left side of 
the plug a pin catch e which, in a certain position, 
engages with the bolt and keeps bolt plug and bolt 
securely locked against accidental unscrewing dur¬ 
ing the opening and closing movements. In other 
models the front of the stud g on the cocking piece 
rests in a small slot on the rear of the bolt and 
prevents the bolt plug from lurning when the safety 
bolt is not holding back the cocking piece. The top 
of the bolt is drilled with a cylindrical hole for the 
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bolt of the safety catch /, which is shown in posi¬ 
tion on the assembled firing pin in G and Gl. 

The safety bolt consists of a thumbpiece and a 
spindle which works in the hole in the bolt plug. 
When the bolt is closed and the thumbpiece is 
turned vertically, as shown in the illustration, the 
flange h on the safety bolt is brought in front of 
the top of the cocking piece and forces it back 
slightly, withdrawing the stud ) from contact with 
the sear. On turning the thumbpiece over to the 
right the cocking piece is still locked as above, but 
at the end of the stem, where it is not cut away, 
enters into the slot d2 on the end of the bolt and 
locks the bolt and bottom plug together, preventing 
the former from being revolved. The safety bolt 
is retained in the two safety positions by the top 
of the cocking piece bearing on shallow depressions 
on the flange of the safety bolt. In the Model 
1889 (Belgian) the safety bolt is retained in posi¬ 
tion by a small pin fitted in the under side of the 
thumbpiece, actuated by a spiral spring and bearing 
in a groove cut across the top of the bolt plug. 
This practise is also followed in the Springfield bolt. 

The extractor is a strong, broad, long-machined 
spring 11 terminating in a claw, the front of which 
is chamfered to allow it to ride over the base of the 
cartridge when the hook engages into the groove at 
the base of the cartridge and holds it rigidly against 
the bolt head. The extractor is provided with an 
undercut groove which engages on the dovetail pro¬ 
jection on the spring band ), which revolves in a 
groove on the bolt. A projection k works in a 
groove at the bolt head, and through this medium 
the pull of the bolt is transmitted to the extractor. 
The right-hand lug lies under the extractor in a 
recess when the bolt is drawn back. In the Model 
1889 the extractor is a short spring let into the side 
of the bolt head between the two locking lugs. It 
revolves with the bolt, which is an objectionable 
feature, owing to the fact that the rear end of the 
barrel has to be weakened by being cut away to 
afford clearance for the end of the extractor, and 
also on account of the friction introduced between 
the extractor and the base of the fired cartridge. 

The receiver or action is screwed to the brccch 
end of the barrel. On either side of the bolt way 
is a channel cut, in which slide the bolt lugs and the 
extractor. The groove on the right side of the 
receiver is partly cut away to allow the cartridge to 
be ejected to the right. At the front end of the 
action, connected with the grooves, are the recesses 
for the locking lugs. The rear part of the action, 
through which the boll moves, forms a complete 
cylinder, prolonged behind into a tang which is 
recessed for the cocking stud to move over it. In 
front of the cylindrical portion are vertical grooves 


to hold the cartridge clip in loading. The tang is 
drilled and threaded for the rear guard screw, which 
helps to hold the trigger guard, stock, and receiver 
together. In the tang is an opening through which 
projects the sear. In some early models another 
slot is cut in the action, just behind the magazine 
way, for a projection on the front end of the sear; 
this engages in a slot in the rear of the underside of 
the bolt when the trigger is pressed. The object is 
to prevent the accidental discharge of the arm 
when the bolt is not fully in the firing position. In 
the Model 1889 and also in the Model 1904 a cross 
groove is cut, just behind the magazine way, for 
the additional safety lug on the bolt. In the 
Spanish Model the left side of the action is cut 
away to give clearance for the thumb in pushing 
the cartridges out of the clip or charger into the 
magazine. Some Turkish Models are fitted with a 
cut-off similar to that of the Lee Enfield, Mark III. 
It should be noted that during the World War the 
Turkish army was provided with Mausers of dif¬ 
ferent Models from the standard Model 1890 to 
1903. 

T he bottom of the action body is cut away for 
the magazine. The Model 1889 and later models 
have the magazine and trigger guard in one piece 
and secured to the stock and receiver body by 
means of screws. These screws are clearly shown 
in section j, which figures the whole bolt mechanism. 
The five cartridges lie in two columns and are 
pressed up against the overhanging edges of the 
magazine by the pressure of a flat ribbon spring 
secured to the bottom magazine floor plate and the 
magazine follower. The follower is provided with 
a raised rib near its left side, which raises the 
column of cartridges resting on it to the level of the 
other column and enables the cartridges in both 
columns in turn to be caught by the advancing 
bolt and fed into the chamber. The bottom floor 
plate is held in position by a small stud to the rear 
of the magazine opening. The stud can be de¬ 
pressed by the point of a bullet, then the floor plate 
can slide backwards and be taken out together with 
the spring and follower. 

As a war measure the German rifle was provided 
with a deep curved box magazine to hold twenty 
cartridges. Tt could be attached in place of the 
bottom floor plate of the standard magazine. It 
was provided with a simple cut-off in shape of a 
pin which could be inserted from side to side over 
the cartridge column. In the Model 1889 (Bel¬ 
gian) the magazine is a detachable box of sheet 
metal, holding five cartridges in single column. The 
follower is pressed upwards by an arrangement of 
levers and flat springs. 

All Mauser rifles are clip loaders. The chargers 
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or clips consist of strips of thin sheet-steel with the 
edges turned inward and reinforced to engage in 
the cannelure of the cartridge head. The cartridges 
are held with sufficient firmness in the clip by a 
spring of ribbon steel, secured by two small tangs 
which fall into depressions in the clip body. Two 
small end tangs are turned up, holding the car¬ 
tridges firmly in the clip body. The cartridges are 
swept into the magazine by one motion of the 
thumb, the clip being thrown out by the first for¬ 
ward motion of the bolt. 

The trigger mechanism is on the “double puli’’ 
system. The sear kl projects into the groove cut 
in the tang and is part of a bar m pivoted near the 
front end of the body. It is actuated by a spiral 
spring 1 let into it, one end of which hears against 
the body. The bar portion of the sear has a vertical 
slot cut in it, in which the trigger n is pivoted. On 
pressing the trigger the forward of the two pro¬ 
jections on the upper surface of the arm presses 
against the body and the sear is depressed, a sliding 
movement being felt. The leverage is then trans¬ 
ferred to the rearmost projection, a slight check is 
felt, and on further pressing the trigger the sear 
parts suddenly from the cocking-piece stud and the 
striker flies forward to fire the cartridge. There is 
no half-cock, nor can the striker be placed at full- 
cork without opening and reclosing the bolt. 

An arrangement is provided for stopping the 


backward travel of the bolt to prevent its being 
accidentally withdrawn or jerked out. This con¬ 
sists of a lever hinged on the left side of the action. 
On it is a heel which projects through a slot, into 
the groove for the left lug of the bolt. The lever 
is pivoted on a pin and is kept pressed against the 
body by a small flat spring let into it. The bolt is 
stopped in its backward travel by the left lug com¬ 
ing in contact with the heel. The retaining-bolt 
can be swung away from the body su that the bolt 
can be withdrawn when necessary for cleaning, in¬ 
spection, etc. 

The ejector is pivoted in the same pin as the 
retaining bolt and forms part of it. It is a tri¬ 
angular-shaped flat piece of steel actuated by a 
spring inside the retaining-bolt lever. A slot is cut 
for it in the left locking lug and in the face of the 
bolt head, so that when the bolt is drawn back the 
ejector springs into this slot. The base of the 
cartridge then strikes against the ejector, but as the 
extractor continues to draw back the right side of 
the cartridge the latter is swung around and thrown 
out of the action to the right. T here arc some small 
differences in retaining bolts and ejectors—differ¬ 
ences of form and not of principle. 

Springfield — The United States magazine rifle 
Model 1903 has an action of Mauser type, but dif¬ 
fering from those previously described. A dcscrip- 




Sprinqfiold, Model 1903 Rifle (United State*) 
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tion is hardly required for the reason that this is our 
national arm. Those who may want a full descrip¬ 
tion may send to the Government Printing Office 
and ask for hook No. 1023, Description and rules 
for the management of the “United States Rifle'’ 
caliber 30 Model 1903. Figure 174 illustrates the 
United States Springfield Model 1903 rille in com¬ 
parison to other military arms. 

Mannlicher-Carcano — The Italian Mann- 
licher-Carcano, Model 1891, Figure 175. has an 
action of Mauser type adapted by Mr. Carcano of 
the Turin Small Arms Factory. The Mannlicher 
clip system of loading, similar to that employed in 
the Dutch and Roumanian rillcs, is employed to 
charge the magazine. The action differs from the 
typical Mauser in the following particular: The 
bolt lever, which is not at the extreme end of the 
bolt, projects at right angles about one-third of the 
length of the bolt from the rear. The rear of the 
action does not form a complete cylinder, but is 
cut away at the top to allow the bolt lever to pass. 


Under the front end of the body is a transverse rib, 
following Mannlicher practise, which fits into a 
groove in the stock and serves to transfer the shock 
of recoil to the stock. The bolt plug e fits into the 
rear end of the bolt, and a groove a inside the rear 
end of the latter admits the stud c entering the slot 
b. The main spring bears on the front of the plug 
and the striker passes through the hole in the 
center of it. 

The bolt plug acts as a safety arrangment in 
the following manner: When the plug is in its 
norma! position the stud c is resting in the recess 
at the extreme end of the slot b , and when the 
cocking piece and striker are held hack by the sear 
the main spring tends to drive them forward. If 
now the bolt plug is pressed forward and turned 
round, by means of the fingerpiece, so that the 
stud c rests in the recess d, the back of the bolt 
plug bears against the front of the cocking piece 
and the latter has no tendency to tly forward. If 
the trigger is now' pulled, cocking piece and striker 
remain at rest. If the stud c is turned into the end 
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of the slot b and drawn out through the groove a, 
the bolt plug, cocking piece, striker and main spring 
are withdrawn from the bolt. 

The extractor is a medium-length, narrow spring 
inserted into its groove from the front of the bolt. 
The extractor revolves with the bolt, which is an 
objectionable feature. The extractor lies under the 
right-hand lug, and has a shoulder on it which 
springs up under the lug and takes the pull during 
extraction. At the shoulder is a small groove to 
take the end of a screw-driver or punch in depress¬ 
ing the shoulder when removing the extractor from 
its groove. 

The retaining bolt is on the right-hand side of 
the action. Its upper end passes through a slot in 
the right-hand groove for the bolt plug. It is 
slotted to connect with an arm on the right side of 
the trigger. To withdraw the bolt the trigger must 
be pulled when the retaining bolt is lowered and 
the bolt can pass over it. The magazine holds six 
cartridges, and is similar to that of the Dutch 
Mannlicher. 

The ejector rests in a bearing in the front of the 
sear and is pressed upwards by the sear spring. Its 
top end passes through a slot in the body, enters a 
groove on the underside of the bolt when the bolt 
is withdrawn, and strikes against the left-hand 
lower part of the base of the cartridge, throwing it 
out to the right. 

Japanese — The Japanese Yen 38th Model rifle 
is of Mauser pattern and differs from typical 
Mausers in the following manner: The striker and 
cocking piece are made in one. The striker is of 
large diameter for two-thirds of its length, and is 
bored to a depth of 4.2 inches from the rear to 
take the main spring. A cocking toe is formed on 
its rear end. In the interior at the rear end are 
cut two longitudinal guide grooves, disposed at 
right angles to one another, in which a stud on the 
locking bolt moves. 

On the rear of the bolt the usual chamfered re¬ 
cesses arc cut, in order to withdraw the striker 
from the fired primer on the raising of the lever 
of the bolt. As there is no bolt plug, these recesses 
are cut somewhat deeper than in typical Mauser 
practise. 

The locking bolt is in the form of a cylindrical 
cap on the end of the bolt, with a stem which fits 
into the striker and bears against the main spring. 
It can be placed in the safety position only when 
the action is cocked. To lock the action the lock¬ 
ing bolt is pressed forward and then turned to the 
right, the movement to the right being limited by 
the travel of a stud, on the under surface of the 
locking bolt, in a groove in the body. By pressing 


forward the locking bolt the main spring is com¬ 
pressed, and by turning the locking bolt a small 
stud on the rear part of the stem, which had en¬ 
gaged with a guide ledge on the forward end of the 
locking bolt, engages with a stud on the bolt, which 
is thereby locked. The locking bolt is held by the 
weight of the main spring with a stud on the rim 
of the locking bolt forced into a recess in the 
groove at the rear of the body. When the locking 
bolt is disengaged the weight of the main spring 
is transferred from the point of the stem of the 
locking bolt to a circumferential rib on the bolt, 
which engages with a rib on the inside of the 
cylinder of the locking bolt. 

The knob of the bolt lever is egg-shaped. 

A bolt cover is provided. Tt is semicircular in 
cross-section and is retained in guide grooves on 
either side the body, in which it moves. It en¬ 
cases the whole of the top of the body when the 
breech is closed. The bolt lever passes through a 
hole in the cover and draws the latter backwards 
and forwards. 

The magazine and trigger guard are not in one 
piece. The box is made of sheet steel and holds five 
cartridges in two columns. In other respects it is 
similar to typical Mauser magazines. 

Main spring Compression — In all Mauser ac¬ 
tions, on the first motion of the lever to open the 
action the cocking piece and bolt plug are pre¬ 
vented from turning with the bolt, owing to the 
cocking stud projecting into the groove cut in the 
tang of the body. The tooth on the cocking stud is 
forced back by the cam-shaped recess on the rear 
of the bolt, slightly withdrawing the striker and 
partially compressing the main spring. 

In the Belgian, Spanish, Turkish, arid Japanese 
models, on locking the bolt when there is about an 
inch of travel before final closing, the cocking stud 
engages with the sear, so that the cocking piece 
and striker are held back while the bolt and bolt 
plug are pushed forward, thus completing the com¬ 
pression of the main spring. 

In the 1904 and German Models of the Mauser, 
and in the Springfield Model 1903 and Italian ac¬ 
tions, the cocking stud does not engage with the 
sear until the bottom of the bolt lever meets the 
cylindrical portion of the body. The main spring 
takes its final compression when the bolt lever is 
turned down. This compression is materially as¬ 
sisted and made easy by the lugs on the bolt travel¬ 
ing along the cam-shaped entrances to their recesses 
and being thereby forced forward. 

Primary Extraction — Tn all Mauser actions pri¬ 
mary extraction of the fired case is attained by the 
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leverage exercised by the lower end of the lever, at 
the point of junction with the bolt, moving against 
an inclined plane cut on the rear face of the cylin¬ 
drical part of the body. In the Springfield action 
the inclined plane is a spur or continuation of the 
lever, formed round the bolt, which works against a 

cam surface on the rear of the bodv. 

• 

In the Italian action the rear end of the body is 
not cylindrical but is slotted to allow the bolt lever 
to pass. The necessary leverage to move the fired 
case is given by the left-hand lug on the holt work¬ 
ing against a cam surface at the front end of the 
left-hand groove in the body. 

Mannlicher Rifles — Turning-bolt action—Fig¬ 
ure 176. 

Model mm. inch 


Greece . i y 0 .' 0.5 .250 

Holland . 1895 6.5 .256 

Koumania. 189.1 6.5 .256 


In the Mannlicher bolt the locking lugs are close 


to the head on opposite sides of the bolt; but dis¬ 
posed a little further back than those of the Mauser 
to allow of the fitting of a separate bolt head, which 
does not rotate with the bolt when it is actuated. 
The advantages of a separate bolt head are many, 
and considerably' outweigh the advantages claimed 
for the solid bolt head, the most important of which 
are strength and the impossibility of the bolt head 
being lost. In order to get the main spring and 
striker into the bolt, the front or rear end must 
have an opening as large in diameter as that of the 
main spring. These openings are closed cither by 
a bolt head or a bolt plug. A bolt head is lighter 
and less complicated than a bolt plug, and the 
extractor can be attached to it and can thus be 
prevented from rotating with the bolt, and at the 
same time be of light and simple construction. The 
disadvantage of having the extractor rotate with 
the bolt has already been dealt with. Another ad¬ 
vantage of the separate bolt head is that if the end 
of the bolt be damaged by defective cartridges or 
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in any other way, a repair can be more cheaply 
effected by exchanging the bolt head than by re¬ 
newing the entire bolt cylinder. 

The disadvantage of a separate bolt head is that 
the lugs have to be located further back on the 
bolt to allow for the head and are thus further 
removed from the barrel and cartridge, and the ac¬ 
tion body has to be lengthened to allow of proper 
working of the action. Also, if the bolt head be¬ 
comes loose, through wear, the shooting of the 
rifle is impaired. 

The Mannlicher bolt is simple in construction 
and, like the Mauser, can be stripped and assembled 
without the use of tools. The position of the two 
locking lugs has already been indicated, and refer¬ 
ence to figures A and B, Figure 176, will obviate 
further description. A represents the Dutch and 
B the Roumanian bolt. The Greek bolt resembles 
the Roumanian closely, except for differences that 
will be detailed as they arc come to. The Dutch 
bolt has a strengthening rib a in line with the lever. 
The lever projects at right angles to the bolt about 
one-third of the length of the bolt from the rear, 
and terminates in a knob. The knob of the Greek 
bolt is hollowed out for lightness. It is larger than 
in either of the other patterns. 

There is a cam recess b at the end of the bolt, 
similar to that described in the Mauser holts and 
serving a similar purpose. The cocking-piece stud 
c enters it on firing, and the leverage given by the 
inclined plane on turning up the lever in the first 
motion of reloading forces back the cocking piece, 
slightly withdraws the striker, and gives the first 
compression of the main spring. At the end of its 
travel along the inclined plane the tooth of the 
cocking piece rests in a shallow* groove d in which 
it is held by the w*eight of the main spring and pre¬ 
vented from turning when the bolt is withdrawn. 
On the Greek bolt there is also a projecting cock¬ 
ing-piece stop stud in front of the cam, which pre¬ 
vents the cocking piece being overturned to the 
right when in the cocked position for insertion in 
the rifle. 

As the striker and main spring are inserted from 
the front there is no bolt stop. A segmental recess 
d-1 on the rear end of the bolt receives the end of 
the safety bolt. It is larger in the Roumanian and 
Greek than in the Dutch models. A small gas 
escape is provided behind the left-hand lug. On 
the Roumanian and Greek bolts there is a groove e 
to provide a clearance for the ejector fitted to those 
types. There is a hole in the rear of the bolt 
through which the end of the striker works. 

The bolt heads A-l and B-l, for the above bolts, 
are provided with tenons which fit into the front 
ends of the bolts. The studs j work in circular 


grooves on the inside of the bolts. The bolt heads 
can only be withdrawn when the studs are turned, 
so that there arc opposite clearances provided for 
them. The tenons are slotted at g for the flats on 
the front of the strikers. The extractor C fits into 
a groove on the side of the bolt head. 

The main spring consists of 26 coils of .056 wire. 
The rear end bears against a seating in the bolt 
cylinder. 

The striker, D , passes through the main spring, 
bolt, and cocking piece, and screws into the nut, 
E. In the Greek pattern the attachment is by in¬ 
terrupted lugs. The front end of the main spring 
bears against the collar h. The fiat ; works in the 
slot g in the bolt head and prevents the cocking 
piece from turning when the stud is clear of the 
groove in the tang, the bolt being drawn to the rear. 

The cocking piece F fits on to the striker and 
butts up against the shoulder k on it. It is pre¬ 
vented from turning by the end of a screw / bear¬ 
ing on the flat on the striker. The stud m travels 
in the groove in the tang of the body and engages 
with the bent of the sear. The rib n is bored out 
from the rear for the stem of the safety bolt. 

In the Greek Model the under side of the top 
rib of the cocking piece is grooved on the right side 
to dear the stop-stud on the bolt, and the striker 
hold is bored with interrupted rings for attachment 
to the striker. 

The stem of the safely bolt H fits in its seating 
in the rib of the cocking piece. It is operated by 
means of a fingerpiece. A small spiral spring fits 
over the stem and keeps the safety bolt pressed to 
the rear. When the striker is cocked, and the 
fingerpiece is pointing to the left, the stem of the 
safety bolt is able to move forward over the bolt, 
as the half that is cut away, o, is underneath, next 
to the bolt. When the finger-piece is turned over to 
the right, the small cam, p, on the end of the safety 
bolt, engages the front of the recess d-l in the bolt 
and forces safety bolt and cocking piece back, dis¬ 
engaging the stud on the latter from the sear bent. 
The safety bolt and cocking piece cannot now move 
forward when the trigger is pressed. Tn the Rou¬ 
manian and Greek pattern the finger-piece can be 
turned over to the right, and the bolt locked, when 
the cocking piece is in the fired position. The end 
of the stem of the safety bolt then engages in the 
recess q, a clearance, r y being provided in the stern 
for the division between the recesses. In the 
Dutch Model the bolt cannot be locked in the 
fired position. 

The extractor C fits in a groove in the bolt head. 
The shoulder s fits against a corresponding shoulder 
in the bolt head, and takes the strain during extrac¬ 
tion. The front terminates in the usual claw. 
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In the Dutch and Greek Models an undercut stud 
on the ejector l slides backwards and forwards in 
an undercut groove in the bolt head, its travel being 
limited by a screw working in a groove. The back 
of the ejector strikes the retaining bolt when the 
bolt and bolt head are drawn to the rear. The 
ejector slides forward, and the front of the stud 
strikes the left rear of the cartridge, ejecting it to 
the right. The front edge of the stud is beveled 
off to enable the base of the top cartridge as it rises 
out of the magazine to push hack the ejector. 

In the Roumanian action the ejector is pivoted 
in a slot on the under side of the body immediately 
behind the magazine way. It is similar in shape to 
the ejectors already described for typical Mauser 
actions. The tail of the ejector works in (he 
groove e in the bolt. When the bolt is drawn back 
so that the tail is at the front end of the groove, it 
is depressed, and the small tooth on the front being 
raised into the boltway and into the slot v in the 
bolt head, strikes the base of the cartridge and tilts 
it out of the rillc, to the right. The bolt head is 
prevented from turning by the ejector, or, in the 
Roumanian Model, by a stud which takes its place, 
working in the left-hand groove of the body. 

The retaining bolt J is pivoted on a vertical pin 
on the left side of the body near its rear end. A 
tooth projects into the left groove in the body and 
arrests the backward movement of the left lug. in 
the Dutch riile it is the ejector that strikes the 
tooth. A small spiral spring keeps the tooth up to 
its work. To withdraw the bolt, the thumb-piece on 
the rear end of the retaining bolt is pressed inwards 
against the body, when the tooth is removed from 
the boltway and the bolt is free to move backwards 
out of the body. 

The receiver screws on to the barrel in the usual 
manner. On either side of the boltway is a longi¬ 
tudinal groove for the lugs on either side of the 
front end of the bolt. At the front end of these 
grooves are cam-shaped grooves which lead to re¬ 
cesses above and below the boltway. On firing, the 
lugs resist the backward pressure of the cartridge 
case by taking a bearing against the rear face of 
the recesses. The groove on the right is partly cut 
away to facilitate loading the magazine and to per¬ 
mit of ejection of the fired cartridge. Behind the 
recesses the bottom of the body is cut away for the 
magazine. Behind the magazine way the body does 
not form a complete cylinder, but is cut away at the 
top to permit of the passage of the bolt lever. The 
rear part of the body forms a tang in which a groove 
is cut for the stud of the cocking piece. Near the 
front end of this groove is an opening through which 
the bent of the sear projects. At the front end of 
the magazine way is a projection, the rear face of 


which is grooved to form a guide for the bullets of 
the cartridges as they rise in the magazine; it also 
serves to keep the trigger guard at the correct dis¬ 
tance from the body. Underneath the front part 
of the body is a boss which fits in a recess in the 
stock and transfers the shock of recoil from the 
barrel and body to the stock. It also takes the 
front guard screw. In the Roumanian riile there 
is a narrow slot just in rear of the magazine way 
for the ejector to work in. 

In the Dutch and Roumanian rifles the magazine 
works on the clip system. Each clip, which is of 
sheet steel, with deep sides, contains five cartridges. 
The clip is placed in the magazine together with 
the cartridges, which are forced up out of the clip 
by the action of the magazine spring against a lever 
termed an “elevator.” When all the cartridges 
have been pushed up out of the clip the clip falls 
out through the bottom of the magazine, in which 
a hole is left for the purpose. The advantages of 
this system arc that the loading is easier than when 
the cartridges have to be swept out of a charger by 
the action of the thumb, and the clips and car¬ 
tridges can be easily removed from the magazine 
when necessary. The disadvantages are that the 
clips are more bulky and heavier than charges and 
are more liable to be bent and distorted. The 
magazine must be made deeper than in the best de¬ 
signs of clip-loading systems, to hold the same 
number of cartridges, as they lie in the magazine 
box in single instead of in double column. With a 
charger extra pressure can be applied by the thumb 
to overcome extra friction caused by rust or dirt 
between the charger and the cartridges; but in the 
case of the clip the strength of the magazine spring 
cannot be temporarily increased to overcome any 
abnormal resistance. With charger-loaded maga¬ 
zines, a partially emptied magazine can be filled up 
with separate cartridges, if desired. With clip¬ 
loading the magazine cannot be charged until the 
empty clip has fallen out of the bottom of the box. 
In addition, the large hole in the bottom of the box 
is undesirable in that it is liable to let dirt into the 
magazine, particularly when firing over a parapet 
or when firing prone. 

In the Dutch and Roumanian rifle the lower part 
of the box is formed in one piece with the trigger 
guard. In the Roumanian pattern a small plat¬ 
form is pivoted on to the end of the elevator and 
actuated by a spiral spring. In the Dutch pattern 
there is no platform, the end of the elevator being 
rounded off to work against the cartridges, which 
are not so well supported as by the platform. 

The Schtenauer magazine of the Greek rifle is 
charger-loaded and is designed on an ingenious 
rotary r system, which, how r ever, presents no ad- 
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vantages over the more simple charger-loaded box 
magazines with rising platform and is more liable 
to become dogged with dirt that cannot easily be 
cleared from the mechanism. 

A rectangular box forming the bottom part of 
the magazine is fitted into the bottom of the body 
and held in position by a bottom-fixing plate, 
pivoted in the center at the bottom of the box; each 
end of this plate, when revolved, enters radial lock¬ 
ing grooves, cut in the front and rear of the down¬ 
ward extensions of the bottom of the bodv f which 
forms the top part of the magazine. The magazine 
bottom-fixing plate is retained in position by a 
spring which enters a recess in the plate. 

In the rectangular box, forming the bottom part 
of the magazine, a rotary platform is fitted. The 
platform is bored to receive front and rear axis 
studs attached to a spiral spring. The axis studs 
arc grooved to receive, and prevented from turning 
by, two retaining pins, fitted in the axis hole of the 
platform. The platform is provided externally with 
five grooves to receive the cartridges. 

As the cartridges are charged, the magazine plat¬ 
form is rotated and the spiral spring coiled, its 
tension being thereby increased (a certain amount 
of tension is on the spring when assembled with 
studs to the platform). By the expansion of the 
spring the platform is rotated, and the cartridges 
forced up to a cartridge stop projecting into the 
boltway. The thumbpiece of the cartridge stop 
projects through a slot cut in the top on the right 
side of the body, where it is pivoted. When charg¬ 
ing the magazine, the cartridge stop is depressed by 
the cartridges. If it is desired to remove the 
cartridges from the magazine, the cartridge stop is 
depressed by pressure on the thumbpiece, when the 
cartridges arc ejected out of the magazine. 

The trigger mechanism of all Mannlicher ritles 
is on the “double-pull'’ system. Its construction 
can be clearly seen from Figure 176. 

The main spring is given an initial compression 
and the striker withdrawn from the fired primer by 
the first motion of turning up the bolt, when the 
cocking piece is forced back by the action oi the 
cam-shaped recess on the rear of the body cylinder 
working against a tooth on the cocking piece, which 
enters a groove at the end of the recess on the 
completion of its travel. Final compression is given 
by turning down the lever when the bolt has been 
returned. During this turning movement the cock- 
ing-piece stud engages on the sear bent, and the 
lugs on the bolt travel along the cam-shnped grooves 
leading from the grooves in the boltway to their 
sea tings when in the cocked position. The reverse 
action, when unlocking the bolt, gives primary 
extraction of the cartridge. 


Other Turning-Bolt Actions — The other turn¬ 
ing-bolt actions, which do not fall into either of the 
classes dealt with, are the Lebel (French), the 
Krag-Jorgcnscn (Denmark and Norway), the Na- 
gant (Russia), and the Lee (Great Britain). The 
Lee action is fully described later. The Lebel, 
Nagant, and Lee bolts have separate bolt heads. 
The bolt heads of the Lebel and Nagant carry the 
locking lugs and rotate with the bolt. This system 
would appear to have no advantages, except for 
repair purposes, over that in which there is no 
separate bolt head, as it is desirable that the bolt, 
especially the front part, should be as solid and 
rigid as possible. In the Lee action the bolt head 
does not rotate with the bolt, but the lugs are dis¬ 
posed at the rear of the bolt cylinder. This is not 
a desirable arrangement, as, on firing, the greater 
part of the body and bolt are thrown into a state 
of tension and compression respectively. This 
strain, acting on the unsymmctrical central part of 
the body, causes lateral vibrations, which have to 
be compensated for by displacing the foresight 
laterally. The unsymmctrical incidence of the 
strain also has a disturbing influence on the accuracy 
of the rifle. The British action has, however, ad¬ 
vantages which may compensate for the fact that, 
mechanically, its design is unsound. There is no 
deep cylindrical portion in front of the action body, 
as in the continental forms, in which dirt can ac¬ 
cumulate. The form oi the action and the shape 
and disposition of the bolt lever allow of extremely 
rapid fire. It is possible to deliver roughly directed 
fire at the rate of sixty rounds a minute, a rate 
which is often attained and sometimes passed in 
routine tests on the range of the Small Arms Am¬ 
munition Inspection Department. With no other 
action is it possible to attain anything like this rate 
of fire. Competition has proved that, with good am¬ 
munition, and when adjusted carefully, the British 
rifle is capable of accuracy which compares favor¬ 
ably with that of any Continental Service weapon. 

The Krag-Jorgensen has no separate, bolt head, 
but there is one lug only which engages in a recess 
below the entrance to the chamber. This unsym- 
metrical arrangement is objectionable because it 
must give rise to considerable vibrations in. a 
vertical plane. 

Lebel Rifle — Figure 177. 

France .Model 1886.8 mm. .315 inch 

This was the first small-bore rifle to be adopted 
by any nation, and with it smokeless powder was 
first used. A later model of this rifle, introduced in 
1907, is similar to the 1886 model, except as re¬ 
gards the magazine. 
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1892 and 1907. Made at St. Etienne. France 


The. bolt A is a strong cylinder, bored out from 
the front for the main spring. It has a straight 
lever terminating in a knob. On the opposite side 
to the lever is a groove (70) into which the nose 
of the sear projects. On the left side, with the 
lever in the raised position, is the groove (11) for 
the ejector (34). On the same side is cut, at the 
rear end of the cylinder, a cam-shaped recess (12) 
for the similarly shaped projecting tooth (28) on 
the cocking piece. When the bolt lever is raised the 
end of the tooth (28) rests in the recess (73). The 
projecting rib (14) extends beyond the face of the 
bolt, and serves to connect the bolt head and bolt 


by means of the recess (15) fitting over the stud 
(77) on the bolt head. A screw passes through 
the hole (18) in the bolt and enters the hole (19) 
in the bolt-head tenon, which in turn enters the 
main-spring channel of the bolt head; the latter is 
therefore forced to turn with the holt. This rib 
also acts as a guide to the bolt, the small rib (16) 
traveling along the left top edge of the body. 

On the left of the bolt head B is the ejector 
groove (11a). On the right, the extractor (20) 
fits into an undercut groove, the rear end being 
splayed out slightly to resist the pull during ex- 
tration. The two lugs (21) enter the recesses (3) 
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in the body on the right and left of the boltway, 
and prevent the bolt being forced to the rear on 
firing. The face of the bolt head is cupped out to 
a depth equal to the thickness of the cartridge rim; 
the extractor, therefore, will not rise over the rim 
of the cartridge until the cartridge is almost home 
in the chamber. The bolt head is bored out for 
the striker, the hole in rear being oval to receive 
the part (24) on the striker. The groove (10) on 
the bolt for the sear nose is continued for a short 
distance along the holt head at (10a). 

The main spring consists of 19 coils of wire, 0.05 
inch thick, set to a length of 3.9 inches. 

The striker has a shoulder (22) for the main 
spring to bear against, and two slots (23) near the 
rear end, fit into the T-shaped recess in the striker 
knob (26). The part that enters into the bolt head 
is thinned down in front of the shoulder at (24). 
The point is further reduced in two steps at (25). 

The cocking piece D has a projection (27) in 
front, working in the opening between the sides of 
the body. Underneath the projection is a tooth 
(28) which is shaped to fit into the cam recess 
(12) at the back of the bolt cylinder. The bottom 
front corner (29) of the cocking piece is the full- 
cock bent. The notch (JO) is a second full-cock 
bent. The notch (31) affords clearance for the 
bent of the sear, when the cocking piece is forward 
in the fired position. The top is hollowed out and 
roughened to iorm a comb for drawing back, or 
letting down the striker, but the main spring is too 
strong for this to be done with safety. The striker 
passes through the cocking piece, its knob fitting 
into the recess (33) in the rear end of the latter 
and being locked with a half turn. 

The extractor (20) is a short flat spring terminat¬ 
ing in the usual claw, which projects over the face 
of the bolt head; it is dovetailed into its groove in 
the bolt head. The breech end of the barrel is 
beveled off for a quarter of its circumference to 
afford clearance for the claw of the extractor. 

The ejector is a small pin (34) screwed into the 
body on the left side; it projects into the boltway 
and works in the slot (11) and (11a) in the bolt 
and bolt head. 

The body has vertical sides which slope inwards 
at the top. The body is prolonged in front at 
(2a), and forms a cylindrical reinforce for the bar¬ 
rel. The rear end forms a long tang which is pro¬ 
longed forwards at (40) between the sides of the 
body. The bolt slides in a longitudinal groove, cut 
in the upper part of the body, and the lugs ( 21 ) 
on the bolt head turn into recesses (J) at the front 
end of the boltway. The entrances to these recesses 
are rounded off to allow of the bolt coming back 
during primary extraction. At the front end, be¬ 


low the projection (2a), is an opening (4) for the 
magazine tube. The bottom of the body is closed 
by a plate (5), to which are attached the sear and 
the cartridge elevating mechanism, which are situ¬ 
ated below the boll way. The projection (6) on 
the front end of the plate fits into a recess in the 
body, and a screw passes through the body and 
through a screw hole (7) in the rear end of the 
plate. The body is cut away on the right side to 
allow' of the cartridge cases being ejected to the 
right. The rear part of the boltway is open on top 
to allow for the cartridge cases being ejected to the 
right. The rear part of of the bolt way is open on 
top to allow of the passage of the rib (14), on the 
bolt, and also of the bolt lever, which turns down 
in front of the shoulder (8). Two recesses, (9) 
and (9a), are cut in the bottom of the right side 
of the body for the handle of the carrier axis-pin 
lever (49). 

The trigger mechanism is on the double-pull sys¬ 
tem and is very similar to that of the Mauser and 
Mannlicher actions, except that the sear arm is 
short so that the sear is disposed rather in front of 
the trigger than behind it, and the spring is V- 
shaped instead of being spiral. The trigger is little 
curved and is awkward in shape. 

The magazine of the 1886 model is tubular and 
consists of a longitudinal hole bored in the fore¬ 
end, lined towards the rear with a short steel tube. 
It holds eight cartridges, which are pressed towards 
the rear by a steel spring consisting of 78 coils of 
wire .03 inch thick. The spring terminates in a 
steel plunger which is prevented from coining out 
of the tube by a small shoulder in the latter. The 
cartridges are raised to the level of the chamber by 
a carrier scoop actuated by the bolt striking against 
a projecting lever. The magazine is loaded by de¬ 
pressing the scoop with the bullet of the cartridge 
and passing it into the magazine. On the right 
side of the bottom of the action body a checkered 
button, connected with the carrier axis pin, projects. 
When this is pushed to the front the depressor lever 
is moved so that it cannot be struck by the bolt. 
The magazine can then be retained full and the 
rifle used as a single-loader. The magazine of the 
latter 1907-15 model is of the more usual fixed 
vertical-box type, holding 5 rounds. 

Resides being slow to load, a tubular magazine 
is objectionable because the balance of the rifle 
shifts as the column of cartridges is pushed to the 
rear and the cartridges loaded and fired. The nec¬ 
essary raising platform, also, is complicated and 
very liable to be jammed by dirt. 

On first raising the bolt the main spring is com¬ 
pressed nearly to its full extent by the cocking piece 
being forced backwards by the cam rEcess on the 



394 


THE MODERN GUNSMITH 


rear of the bolt cylinder. Final compression is 
given on closing the bolt by the lugs working along 
the curved entrances to their recesses. Primary ex¬ 
traction is given by the front end of the projection 
on the bolt being forced back by a curved face on 
the body. 

Krag-Iorgensen Rifle — Figure 178. 

Denmark.Model 188 Q_ 8 mm. J1S inch 

Norway ......Model 180*1....6.5 mm.256 inch 

The bolt (1) is of simple construction with no 
separate bolt head. A single locking lug (2) is 
situated at the head of the bolt. On the right side, 
when the bolt is closed, is a solid rib (J) which 


A flange (5) runs partly round the rear end of 
the bolt and serves to retain the bolt plug. The 
bolt can be stripped without the aid of tools. 

The bolt is bored out from the rear for the main 
spring, which is of wire .053 inch in diameter, with 
28 coils set to a length of 4.5 inches. 

The striker (d) is in two pieces; the point form¬ 
ing the front is secured to it by a sort of knuckle 
joint. This is the same as in the Springfield model, 
except that there is no sleeve. The main spring 
bears against the rear end of the front part of the 
striker. 

The rear portion of the striker screws into the 
cocking piece (7), from which the cocking stud 
(8) projects downwards, traveling in a groove cut 




bears against a shoulder in the body, and assists in 
taking the shock of recoil. The lever, terminating 
in a knob, is at the rear end of the bolt cylinder, 
and is set back a little. In the Norwegian model it 
is turned down, but not to the same degree as in 
the British rifle. T he usual cam-shaped recess is 
cut in the back of the bolt. A gas-escape hole ( 4) 
is bored in the right side of the bolt cylinder, close 

to the lug. 

* 


for it in ihe tang of the body. The front of the 
stud is shaped to fit into the cam recess of the bolt. 
The stud is provided with a half bent, as well as a 
full bent, and the cocking piece has a roughened 
thumbpiece. In the Norwegian action there is no 
half bent. The cocking piece ends in a knob. 

The striker passes through the plug, which fits 
into the rear portion of the bolt, and against which 
the main spring bears. The sleeve is bored out for 
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the cocking piece, and has a slot in its under side 
for the cocking stud to travel in. The top extends 
over the bolt, traveling in the slot cut in the body 
cylinder; a groove is cut in this portion of the 
sleeve, in which a corresponding llange on the rear 
of the boll works, and prevents the pressure of the 
main spring from forcing the sleeve out to the rear. 

The extractor (0), which is a long flat spring 
terminating in the usual claw, is pivoted by a screw 
to the bolt sleeve, and fits over the holt rib, when 
the bolt lever is raised. It has a secondary spring 
(10) mortised into it, which fits under a projection 
in the body and prevents the extractor from rising 
during primary extraction. The extractor claw 
projects over the face of the bolt-head recess. 
When the bolt is closed the end of the extractor 
fits into a recess in the body, but when the bolt 
lever is raised the projection on the front of the rib 
of the bolt bears against a projection on the ex¬ 
tractor, guiding the latter while the bolt is being 
drawn back. A slot in the cylindrical portion of 
the body assists in performing the last-mentioned 
function. The extractor of the Norwegian rifle is 
wider than that of the Danish. 

There is no retaining bolt, but the lug on the bolt 
coming up against the resisting shoulder stops the 
backward movement of the bolt. To remove the 
bolt it must be drawn hack, the extractor lifted so 
as to clear the top of the body, and the bolt lever 
turned to the left; this brings the lug opposite the 
slot in the body cylinder, when the bolt ran be 
withdrawn. 

The ejector (11) is a spring, dovetailed into the 
bottom of the boltway. Its front end projects up¬ 
wards and enters a groove in the head of the boll, 
when the latter is drawn back. On the base of the 
cartridge striking the ejector, the cartridge is ro¬ 
tated upwards and to the right, and is ejected from 
the action. 

There is no locking or safety bolt in the Danish 
rifle. The striker can be placed at half and full 
cock without opening the action. The Norwegian 
rifle has a safety bolt of the Mauser pattern. 

The body has no features calling for special men¬ 
tion, except that the recess (12) for the locking lug 
is at the bottom of the front end of the body and is 
readily accessible for cleaning purposes. 

The magazine ( 13) is a horizontal box under the 
body, closed by a door on the right side. The 
spring, lever, and platform, which press the car¬ 
tridges out into the boltway, are attached to the 
door. When the door is open the platform is held 
back against it, allowing for the free introduction 
of the five cartridges it will hold. The magazine 
can be charged with the bolt either open or closed, 
and can be replenished at any time by one or more 


cartridges. This type of magazine is very slow 
compared with those which are charger- or clip- 
loaded. A charger is provided for this magazine, 
but it is a clumsy arrangement provided with a 
handle. The handle has to be raised from the side 
of the charger box and the rifle tilted to the left 
before the cartridges can be spilled into the maga¬ 
zine. A cut-off is provided by which the cartridges 
can be prevented from rising into the boltway. 

The trigger mechanism is on the double-pull sys¬ 
tem. The sear is actuated by a flat spring. 

The first compression of the main spring is given 
in the manner described for Mauser rifles, and the 
final compression by the sliding of the lug along the 
cam-shaped entrance to its recess. 

Primary extraction is given by the bolt lever 
being forced back by working along the curved 
surface at the back of the body. 

The Nagant Rifle — Three-line—Figure 179. 

Russia .Model 1900.... 7.62 mm.30 inch 

The bolt of this rifle bears some resemblance to 
that of the French Lebel but is of far more com¬ 
plicated construction. There is a separate bolt- 
head (/) which revolves with the bolt (2) and car¬ 
ries two lugs. A connecting bar lies underneath the 
bolt, holds the bolt-head to the bolt, acts as a guide 
to the cocking piece, and helps to retain the bolt in 
the body. When the bolt is closed the lugs are 
horizontal instead of being one above the other as 
in Mauser and Mannlicher actions. The striker (J) 
is in one piece and is actuated by a main spring of 
28 coils of .05 inch diameter wire set to a length 
of 4 inches. The cocking piece calls for no special 
comment except that it can be pulled back by hand 
and revolved to the left when it fits into a recess 
on the rear end of the bolt, which prevents the rifle 
from being fired or the bolt from being opened. 

The extractor is small and fits into a groove in 
the bolt head. 

The magazine is of box form and is made in one 
piece with the trigger guard. It is fitted with an 
interrupter (4) to prevent the possibility of double 
loading. The interrupter is a plate which works in 
a slot on the left of the body in a manner somewhat 
similar to the cut-off of the Britisli rifle. On load¬ 
ing the magazine the cartridges are forced down 
from the charger and press the interrupter outwards 
and are thus able to pass it. In loading and firing 
the cartridge next below the top one is held down 
by a tooth on the plate until the top cartridge has 
been forced into the chamber and the bolt lever 
turned down. No other rifle is fitted with this 
device. The ejector is a projection on the edge of 
the interrupter. 
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The trigger mechanism gives a single pull. The 
trigger is provided with a tooth (5) at the top, 
which projects into the boltway and acts as a re¬ 
taining arrangement. The trigger must be drawn 
back to depress this tooth and allow the front end 
of the connecting bar to pass over it, when the bolt 
can be withdrawn from the action. 

Withdrawal of the striker from the fired cap is 
arranged for, and first compression of the main 
spring is given in the usual manner, by the cocking- 
piece nose working in a cam recess on the bolt end. 
Final compression of the main spring is given by 
the final turning down of the bolt and the action 
of the lugs on the sloped entrances to their seatings. 

Primary extraction is effected by the front of a 
rib on the bolt working along an inclined plane in 
the body. 

Straight-pull Action Rifles — 

Austria— 

Mannlicher.Model 1895.. 8 mm... J15 inch 

Switzerland— 

Schmidt-Rubin .. .Model 1909. .7.5 mm... .295 inch 

Compared with turning-bolt action, straight-pull 
actions are complicated both in design and func¬ 
tioning. There arc more moving parts bearing 
against one another and consequently more friction. 
In turning bolts, primary extraction is obtained by 
the direct leverage of the bolt handle being trans¬ 
ferred to cam surfaces on the bolt and body. 

With a straight-pull bolt this additional leverage 
is more difficult to obtain, but to a limited extent 
it can be introduced during the unlocking of the 
action at the beginning of the backward movement 
of the bolt handle. In the Schmidt-Rubin, Austrian 
Mannlicher, and Ross, the locking of the action is 
effected by rotating lugs. The necessary turning 
movement of that portion of the bolt carrying the 


lugs is obtained during the unlocking of the action, 
at the beginning of the backward movement of the 
bolt handle, through the medium of helical grooves. 
A certain amount of additional leverage for primary 
extraction is obtained by cutting the lugs and their 
seatings in the body on a screw pitch. This, how¬ 
ever, is not so effective as the direct cam action 
obtainable with a turning bolt. In theory, straight- 
pull bolts can be operated a trifle more quickly and 
are more easily worked without removing the rifie 
from the shoulder; but it is doubtful if there is any 
real advantage. Certainly no straight-pull rifie can 
be worked at the speed of the Springfield. Straight- 
pull rifles are said to be less likely to jam when 
exposed to sand and mud, as there is no turning 
movement to draw deleterious material down be¬ 
tween the bolt and the left side of the body. 

The Straight-pull Mannlicher —Figure 180. 
From the Austrian Official Handbook. 

In this action the bolt is a hollow cylinder, rein¬ 
forced at the rear end, where is the lever, terminat¬ 
ing in the usual knob. The lever projects at. right 
angles to the bolt. On either side of the bolt are 
ribs, a, a, which work in grooves in the body and 
prevent the holt from turning. On the underneath 
of the front of the bolt are two feathers, b, which 
act as a retaining arrangement by coming in contact 
with two horns on the trigger when the bolt is 
drawn backwards. The trigger must be pushed 
forward to lower the horns and allow the feathers 
to pass, when the bolt may be withdrawn. 

The underneath of the rear reinforced portion of 
the bolt is cut away for the stud of the cocking 
piece. The recess for the cocking piece is separated 
from that for the tail of the bolt head by a collar 
d secured by a screw, the point of which projects 
into the firing-pin hole, and, bearing against a flat 
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e on the filing pin B, prevents the latter from turn¬ 
ing. The safety holt is pivoted in the left side of 
the reinforce. Inside the middle portion of the bolt 
are two helical feathers, /, which work in cor¬ 
responding grooves, g,g, in the tail of the bolt head, 
and rotate it in opening and closing the bolt. A 
groove is cut on the inside of the right rib for the 
extractor. 

The bolt head, C, consists of a head which pro¬ 
jects beyond the face of the bolt cylinder, and the 
tail which enters the cylinder. The bolt head has 
cam-shaped locking lugs on either side, which enter 
the recesses of the body by way of the cam-shaped 
grooves and support the bolt head in the firing 
position. A groove is cut in the head for the 
ejector to work in. The rear end of the tail has 
two external helical grooves, already mentioned, in 
which work the feathers in the inside of the bolt 
cylinder. The helical grooves have each a small 
groove, h, leading out of them in the direction of 
the length of the bolt, one to the front and one to 
the rear. The groove to the front is on the top of 
the tail, that to the rear is on the right side when 
the bolt is opened. 

The bolt head contains the main spring of .04 


wire, coiled to a length of 4.9 inches, and the 
striker. The rear end of the bolt-head tail is closed 
by a screw plug, D, against which the main spring 
bears, the striker passing out through the plug. 
The other end of the main spring bears against a 
collar on the striker. The extractor is a long flat 
spring, which lies in the right rib of the bolt 
cylinder. The portion which projects fits over the 
right locking lug and terminates in a broad claw. 
The other extremity has a small nib on its under 
side, which engages in the two longitudinal grooves 
in the tail of the bolt head above mentioned. When 
the action is closed, the nib is engaged in the longi¬ 
tudinal groove on the top of the bolt-head tail; 
when the boll is drawn back, the nib rises out of 
this groove, and when the bolt head has turned a 
quarter of the circle from right to left falls into the 
other groove. The right lug is then embraced by 
the head of the extractor and the extractor is drawn 
back by the bolt. The claw engages the top car¬ 
tridge in the magazine immediately it is pushed 
forward by the bolt advancing, and holds it in all 
the backward and forward motions of the bolt, thus 
rendering double loading impossible. 

The cocking piece screws on to the end of the 
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striker and works in the rear end of the bolt 
cylinder. In its left side is a groove in which the 
locking bolt engages, when it is employed to lock 
the action with the spring cased. At full cock the 
locking holt, when used as a safety bolt, is in¬ 
terposed between the front face of the cocking piece 
and the rear face of the bolt cylinder; the tooth of 
the bolt is cam-shaped, and when pushed into po¬ 
sition forces back the cocking stud from engage¬ 
ment with the sear. 

The body calls for no special comment, except 
that the tang groove for the cocking-piece stud to 
work in is undercut on either side to take the 
feathers, b y b , on either side the front end of the 
bolt. Underneath the front part of the body is a 
downwards projection which transfers the shock of 
recoil from the barrel and body to the stock. A 
similar but larger projection forms the prolongation 
of the front of the magazine. 

The scar consists of two components, the body 
and the bent; they are both pivoted on the same 
pin, which passes through the action body. The 
bent fits in a slot in the body. 

The ejector is pivoted to the front of the sear 
body. Tts bottom end is pressed forward by a small 
spiral spring, the other end of which presses the 
sear and sear bent backwards. The upper end of 
the ejector is slightly depressed by the bolt; the 
spring is partly compressed, and tends to keep the 
sear and sear bent up to their work. 

The trigger is in the form of a bell-crank lever, 
the long arm projecting downwards through the 
trigger guard, the short arm terminating in a hook 
which engages the rear of the sear. At the angle 
is the cross-piece with the two horns which project 
into the boltway and prevent the withdrawal of the 
bolt, as already described. The trigger is not 
pivoted to the body in any way, but is supported 
in its groove by the sear. 

When the trigger is pressed, the bent of the sear 
is depressed, releasing the cocking stud and allow¬ 
ing the striker to fly forward; at the same time the 
front of the scar body is raised into the boltway 
behind the safety projection on the back end of the 
under side of the bolt, preventing any backward 
motion of the latter while the arm is being tired. 
Further, as the bolt is pushed forward, this safety 
projection, sliding over the projecting front portion 
of the sear, prevents the latter rising, and conse¬ 
quently prevents the bent of the sear from being 
lowered, by pressing the trigger, until the bolt is 
completely closed. 

The magazine and guard are in one piece. The 
former is clip-loaded with five cartridges, and is 
similar in most particulars to that already described 
for the Roumanian Mannlicher. 


The bolt is actuated by a straight backwards-and- 
forwards pull and push. When the lever is pulled 
to the rear, the bolt cylinder cannot revolve, owing 
to the ribs on it working in the grooves of the body, 
and the feathers, in the undercut grooves in the 
tang. The bolt head, on the other hand, cannot 
come to the rear until the locking lugs have been 
disengaged from their recesses in the body, and this 
is effected by the turning motion given to the tail 
of the bolt head by the helical feathers in the inside 
of the bolt cylinder, working in the bolt-head tail. 
Primary extraction is given by the cam shape of the 
ends of the grooves in the body in which the locking 
lugs work. The first motion of the bolt to the rear 
partly compresses the main spring. As soon as the 
locking lugs are disengaged from the body they are 
in prolongation of the ribs in the bolt cylinder, and 
the whole bolt can then be drawn to the rear. 

The Schmidt-Rubin — Figure 181. In this ac¬ 
tion the body departs from the shape which, with 
minor differences, has been seen in all rifles already 
discussed. Behind the magazine way it forms a 
complete cylinder for a length of 4Vk inches and 
is thus of considerable length and clumsy. On the 
right side, and forming part of the body, is a 
smaller cylinder opening into the larger one. The 
bottom of this small cylinder is slotted for the 
tooth of the retaining bolt. The main cylinder is 
slotted for the sear and grooved for the striker stud 
to travel. This is in place of the grooved tang 
found in most other rifles. The main cylinder is 
also grooved longitudinally on each side for the 
holt lugs to work in. Those grooves lead into the 
lug sea tings, which are cut on a screw pitch. The 
rear part of the body forms a short tang, which is 
bored lor one of the three action screws. 

The bolt, which is made up of the bolt cylinder 
C, the locking sleeve D, and the bolt cap E, is oper¬ 
ated by means of the action rod F. The bolt 
cylinder is bored out from the rear for the striker 
and main spring, and is slotted on the right side 
to admit the tooth, a , of the action rod. A circular 
flange affords a bearing for the front end of the 
locking sleeve. In front of this flange the bolt 
cylinder is grooved on both sides to allow it to pass 
through the turned-in sides of the magazine. 

On the left is a deeper groove for the ejector. 
On top a little to the right is a flat for the extractor. 
The front end of the bolt cylinder is permanently 
screwed in. The face of the cylinder is recessed for 
the head of the cartridge, but the rim of the recess 
is not cut away at the bottom to allow the heads of 
the cartridges to rise up at once under the claw of 
the extractor when loading, therefore double load¬ 
ing is possible. The bolt cap E screws on to the 
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rear end of the bolt cylinder. It is bored out for 
the striker, and has a shoulder inside, against which 
the rear end of the main spring bears. At the rear 
end is a broad flange, with a clearance for the 
action rod. Tt is slotted out for the striker stud. 
At right angles to this slot is the safety slot for the 
striker stud. On the right side is a rib with an 
undercut groove for the stud d on the action rod. 
The front end forms a bearing for the rear end of 
the locking sleeve. The locking sleeve fits loosely 
behind the flange on the bolt cylinder, the diameter 
of the latter being slightly reduced from e to e-1 to 
lessen friction. At the front end are the two lugs, 
which resist the backward pressure of the cartridge 
on firing. The top lug is slightly in advance of the 
other, and their front and rear faces are cut with a 


screw pilch. A helical slot for the stud / on the 
action rod runs from g to //. A recess in this slot 
affords a seating for the stud / when the action rod 
is drawn back. The action rod works in the cylin¬ 
der in the body. On the right, at the rear end, is a 
lever for operating the rod, to the end of which 
lever, on either side, vulcanite knobs arc fixed by 
screws. Underneath is a groove for the tooth of 
the retaining bolt. Within this groove are two 
projections, i, k, against w'hich the tooth of the re¬ 
taining bolt bears, in the open and closed positions, 
and holds the action rod steady. On the left a 
dovetail stud d fits in the undercut groove on the 
bolt cap. The rib l works in the slot between the 
cylinder in the body, in which the bolt works, and 
the cylinder for the action rod. The stud works in 




400 


THE MODERN GUNSMITH 


the helical groove g, //, in the locking sleeve, which 
it causes to revolve. The stud a enters the bolt 
cylinder through the slot m, and lies in front of the 
head n on the striker. 

The striker G is divided into two parts; the front 
part has a short point at the front end. and a head 
n at the other. The rear part has a button at one 
end, which fits into a suitable recess in the head, 
and underneath carries the striker stud, which 
works in the slot (14) in the bolt cap. The striker 
can be drawn back by means of the ring on the 
rear end. 

The main spring consists of IS coils of flattened 
steel wire .06 x .04 set to a length of 2.3 inches. 

The extractor, //, is a flat spring terminating in 
the usual claw, projecting beyond the face of the 
bolt. It is provided with a stud with circular stem 
and oval head. Near each end are two small pro¬ 
jections. To fix the extractor, place the stud in the 
oval hole in the bolt cylinder, with the extractor at 
right angles to the latter, then turn the extractor 
parallel with the bolt, and the head of the stud will 
lock under undercut grooves, and the projections 
will spring into searings cut for them. A shallow 
recess enables the end to be raised when removing 
the extractor. 

The ejector is a pin with a broad head and flat 
point, which passes through the left side of the 
body. It is secured by a keeper screw. 

The retaining holt, f, is pivoted underneath the 
small cylinder on a projection, which fits into the 
slot through which the axis pin passes. At the 
front end is a spiral spring which fits in a hole and 
bears against the bottom of the cylinder. On the 
rear end is a tooth, which is pressed upwards by 
the spring into the groove in the action rod. When 
the latter is fully drawn back this tooth locks into 
the front end of the groove. To withdraw the bolt 
push it forward slightly, and depress the tooth by 
pressing on the thumbpiece. 

The trigger mechanism is on the double-pull 
system and differs but little from those already dis¬ 
cussed under turning-bolt Mannlicher actions. The 
scar bar is pivoted at its forward end and the sear 
is kept up to its work by a spiral spring disposed 
vertically. The scar bar is rather longer than usual. 
The trigger is of the usual shape and is provided 
with two humps for taking the two pulls. It is 
pivoted to the rear end of the sear bar. 

The magazine is made of sheet steel and holds 
six rimless cartridges. The bottom is strengthened 
by a steel strap brazed on. In the bottom are two 
openings for the escape of dust, which, however, is 
also liable to find its way in through these openings. 
The magazine box is inserted through an opening in 
the trigger guard and is held in position by a spring 


catch on the right side of the box engaging on the 
trigger-guard plate. The platform is shaped to 
raise one of the two columns of three cartridges 
higher than the other and present the cartridges in 
the two columns alternately at the top of the maga¬ 
zine. The platform can be slipped out of the box 
to the rear and is actuated by a zigzag wire spring 
with three coils. The magazine can be filled either 
by the insertion of single cartridges or from a 
charger. The charger is made of papier mache 
strengthened and protected at the bottom by a 
tinned iron strip, two tongues on either side of 
which are turned over to retain the cartridges. 

The action of the mechanism is as follows: In 
the first motion of drawing the action rod to the 
rear, the tooth / moves in the straight path of the 
slot g of the locking sleeve; the tooth a, bearing 
against the head of the striker, begins to draw it 
back, and the projection i, in the groove of the 
action rod, depresses the tooth /, which is con¬ 
strained to move in a straight line, on account of 
the rib l moving in the slot between the two cylin¬ 
ders, bears against the curved part of the slot on 
the locking sleeve, and rotates the sleeve, turning 
the lugs from in front of their seatings into the 
diagonal grooves in the body. On account of the 
lugs and their seatings being put on a screw pitch, 
the entire bolt is withdrawn about Vic. inch; this 
forms the primary extraction. The tooth j has 
now got to the back end h of the slot in the locking 
sleeve, and has drawn the striker fully back. The 
whole bolt is now free to come back; as it does so, 
the lugs (19 and 19-a) on the bolt sleeve, pass 
along the diagonal grooves and further rotate the 
locking sleeve, until the recess at the end of the 
locking-sleeve groove slips in front of the stud /. 
The latter is pressed forward into this recess by 
the head on the striker, actuated by the main 
spring. On continuing the backward motion, the 
projection in the action-rod groove depresses the 
retaining-bolt tooth, and the latter then strikes the 
end of the groove and arrests the backward motion. 
The dovetailed stud d on the action rod, working 
in the groove on the bolt cap, serves to keep the 
action rod parallel with the bolt. 

On pushing forward the handle of the action rod 
the retaining tooth in the action-rod groove is de¬ 
pressed by the projection, and the whole bolt 
mechanism moves forward. When the lugs pass 
down the diagonal grooves the locking sleeve is 
rotated, so that the recess o no longer retains the 
stud. When the flange on the bolt cap arrives 
within Vi r, inch of the cylinder on the body, the 
sear bent engages the striker stud and the lugs on 
the bolt cylinder have arrived at the entrance to 
their seatings. On pushing home the action rod the 
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stud / passes along the groove in this locking sleeve 
and revolves the sleeve, placing the lugs in their 
recesses, and fully closing the bolt. As the bolt is 
finally closed the extractor claw springs into the 
groove round the head of the cartridge, which has 
been pushed forward out of the magazine by the 
bolt, and the retaining-bolt tooth rises behind the 
projection in the action-rod groove, and prevents 
the action rod from slipping back. 

By drawing back the striker, and revolving it so 
that the striker stud points to the left, the latter 
enters the safety slot in the bolt cap. 'The point 
of the striker cannot then reach the cap of the car¬ 
tridge, and the bolt cannot be drawn back, as the 
rear face of the striker stud is engaged by the 
shoulder in the groove in the bolt cap. 

The Ross —Figure 182. The Ross was, previ¬ 
ously to the early days of the Great War, the arm 
of the Canadian forces, but is now obsolete. There 
have been various models, some with solid lugs and 
some with lugs interrupted as in the breech 
mechanism of big guns, and with differences in 
sights and in other particulars. 

The essentials of the action are, a bolt (1) and 
handle machined solid from one piece, and a turn¬ 
ing portion (2), carrying the lugs (3) on the front 
end and containing the main spring and striker. 


The lugs, striker and cocking piece, which is secured 
by a screw thread to the end of the striker, are 
similar in design to those of the Mauser bolt. The 
Ross bolt is provided with ribs which work in 
longitudinal grooves in the body and prevent the 
bolt from turning. On the inside is a screw thread 
(4) which engages with a similar screw thread on 
the turning portion and gives it the necessary turn¬ 
ing movement to lock and unlock the lugs. The 
lugs work in cam-shaped recesses in the fore-end 
of the action-body in the usual way. 

T he screw thread on the turning portion is not 
cut right round it but is on two spiral ribs. 

The extractor, which has the usual claw end at 
the front, is provided with a long tail on which is 
a lug which engages with the rear edge of the bolt 
head and takes the pull during extraction. A cam 
surface works against this lug and causes the claw 
to grip the case more firmly during extraction. 

The trigger (5) is a bent lever pivoted to a frame 
(6) which also carries the sear (7). When the 
trigger is pressed the lower end of the sear is forced 
forward and the nose (8) therefore depressed from 
engagement with the bent. At the same time the 
stop (0), which is pivoted on the sear, is raised 
and engages behind the two lugs (10) on the under 
side of the bolt, thus preventing the bolt being 
withdrawn at the same moment as the trigger is 
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pressed and serving as additional safety lugs. A 
double pull in the trigger action is arranged for by 
two ribs on the upper end of the trigger in the same 
manner as in the British Mark III. 

The magazine consists of a box enclosed in the 
stock, and retained by the trigger guard. It is pro¬ 
vided with means for charger-loading, and is of 
interesting design. The follower (11) is supported 
by the spring (12) which works on a telescopic 
piston or plunger (13) pivoted at (14) and (15). 
Its movement is controlled by two arms, one of 
which (16) (that on the far side) is shown in 
Figure 182. The separate axes on which these arms 
pivot both in the body of the magazine and in the 
platform arc so arranged that the platform remains 
parallel to the axis of the rifle throughout the 
greater part of its movement. 

In an earlier model of this rifle no provision was 
made for charger-loading, but, by means of a lever, 
the platform of the magazine was connected to a 
fingerpicc.e conveniently placed on the right side of 
the stock to he operated by the fingers of the left 
hand in the firing position. By depressing the 
fingerpiece the magazine follower was lowered and 
cartridges could then be dropped into the magazine 
with the right hand. 

Barrels — The length of a rifle is governed by 
the length of the barrel with which it is fitted. Bar¬ 
rels as short as 20 inches can be made to shoot well; 
but a certain amount of length is necessary to give 
a reasonable handle for the bayonet. The majority 
of countries use rifles of about 4.25 feet, with bar¬ 
rels measuring about 31 inches. Great Britain and 
the United States, however, arc armed with short 
rifles just over 3.5 feet long with barrels shortened 
to correspond. The Swiss Schmidt-Rubin, which 
was a short rifle in the 1900 Model, has been re¬ 
designed with a barrel of 30.75 inches. A well- 
designed short rifle has the merit of being handier 
for snap-shooting than a long rifle. Tt also obviates 
the necessity of providing a carbine for the mounted 
services. One arm for all services is a great con¬ 
venience in details of storing, issue, and upkeep. 

The weight of the barrel, within limits, has little 
effect on the weight of the complete rifle. The 
British and the United States Springfield rifles are 
by no means the lightest military rifles. The weight 
is governed, to some extent, by the consideration 
that a light rifle gives an unpleasantly heavy recoil 
with cartridges of the usual military specifications. 
Most modern rifles weigh, complete, without bay¬ 
onet, between 8.5 and 9 pounds, yet there is more 
than a pound difference between the lightest and 
the heaviest barrels. 

The following tabic shows the barrel length and 


weight, and the relation between these dimensions, 
of a tew foreign rifles for comparison with our owm 
service rifle: 


Rifle Barrel Barrel Lbs. 

•weight lengthy weight, per 

Rifle Bore lbs. oz. inches lbs. inch 

British . 0.303 8-10 25.19 2.156 .083 

Spring fit-id. 0.300 8- 8 23.79 2.906 .122 

Roumanian .... 0.256 8-13 28.56 3.C93 .108 

Nagant. 0.315 8-1S 31.50 3.093 .098 

Japan . 0.256 8-12 31.30 2.969 .095 

Chile Mauser... 0.276 8-13 29.20 2.719 .093 

T.ebel. 0.315 9- 3 31.50 3.187 .115 


It will be seen from the above table that the 
British has the lightest barrel in actual weight and 
also the lightest barrel relative to its length. 

When firing, the barrel commences to vibrate 
before the bullet lias left the muzzle. This vibra¬ 
tion exercises a very disturbing effect on the ac¬ 
curacy of the shooting on account of the difficulty 
of insuring that the fore-end shall influence the 
vibrations to the same extent for every shot. With 
a heavy barrel the vibrations are not so severe and 
the influence of the fore-end is less important. 

On account of the heavy pressures set up on 
firing, but which fall off very rapidly, barrels are 
made heaviest at the breech end. This increased 
portion is called the “reinforcement.” The effect 
of this weight of the metal on the external contour 
of the barrel is exaggerated by the size of the 
chamber necessary to accommodate the case. The 
exterior of the barrel from just in front of the re¬ 
inforcement to the muzzle is usually slightly 
tapered. In the German, Spanish and Turkish 
Mausers the barrel is turned down externally in 
steps, with the idea of breaking up the vibrations 
on firing. Barrels are browned or blued to protect 
them from rust on the outside and to give them a 
dull non-reflecting surface. In some cases the outer 
contour is slightly increased at appropriate points 
to afford a seating for the sights. 

The degree of twist given to the rifling would 
seem to be governed a good deal by the individual 
preferences of the designers. It is essential that it 
should be enough to give the bullet sufficient spin 
to keep it end-on in its flight: but usually there is 
an ample margin beyond the minimum necessary to 
give stability. In most rifles the twist is about 1 
turn in 31 calibers. The most rapid is the French, 
with 1 turn in 30 calibers, and the slowest the 
Krag-Jorgensen, with 1 turn in 37.5 calibers. The 
Italian Carcano rifle is peculiar in that it has a 
progressive twist. 

British Service Rifle — The short, magazine, 
Lee-Enfield rifle was approved on 23rd December, 
1902, to take the place of the magazine Lee-Met- 
ford and magazine Lee-Enfield (familiarly known 
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as Ihe ‘long rifle”), various marks of which had 
been the service weapon since 1888. Of the rifle 
there are six marks, Marks III, 111*, and IV now 
being in use. 

Mark I.Approved 1902. New rifle. 

Mark II-A conversion from lone rifle. Similar to 

Mark I. 

Mark III.. .Approver! 1907. Improvement on Mark I. 
Mark III*. .Approved 190S. No cut-off. No lonc-ranso* 
sights. 

Mark IV ...Conversion from old marks. Similar to Mark 

III. 

Mark V... .Provisionally approved 1922. Improvement on 
Mark III. Aperture rear sis'it. (Superseded 
before being produced in quantity.) 

Mark VI ...Improvement on Mark V. 

All the above marks have the Lee boll action, 
similar to that approved in 1888 for the Lee-Met- 
ford magazine rifle, Mark I. Details of the Mark 
III and Mark III* are as follows (see Figure 183): 

The bolt ( 1) is simple in construction. It is 
cylindrical and has a bent lever at the rear end, 
terminating in a round knob for convenience in 


handling. The shape and position of the lever are 
very convenient for rapid manipulation. On the 
right side of the bolt cylinder is formed a solid rib 
(.?), which works in a slot in the rear of the body 
and acts as a guide when the bolt is worked back¬ 
wards and forwards. On the opposite side to the 
rib, and having its rear face level with the rear 
face of the rib, is a solid lug (.?). The lug and the 
rear face of the rib engage against appropriate 
bearings when the bolt is locked and support the 
bolt on firing. The disadvantages and advantages 
of having the lugs so far removed from the face of 
the bolt-head have been discussed. The rear faces 
of the rib and lug are cut on a screw pitch cor¬ 
responding to the slope of their seatings on the 
body. On turning down the bolt this gives the 
necessary leverage to force the leverage for primary 
extraction on turning up the bolt. The bolt cylin¬ 
der is bored out to take the striker ( 4) and main 
spring. The rear part of the boring is constricted 
to the diameter of the striker, to form a seating 
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for the rear of the main spring and to act as a guide 
for the striker. Underneath the rear end of the 
bolt cylinder is a recess (5) formed by a long 
groove on the right and a short groove on the left, 
connected together in front by a cam-shaped face 
and separated by a stud (6). On raising the bolt 
lever the cocking-piece stud (7), which is resting 
in the right-hand or long groove, is forced back¬ 
wards by the cam-shaped face until it rests in the 
left-hand or short groove, thus partially compress¬ 
ing the main spring and withdrawing the point of 
the striker from the face of the bolt head. 'Phis is 
necessary to prevent the striker point from firing 
the cap of the next cartridge as it is fed upwards 
from the magazine and pushed forward into the 
chamber. 

The bolt head (8) has a tenon which screws into 
the bolt cylinder. On it is a solid projection which 
has a hook (9) on its right side which engages with 
a rib on the right side of the body and prevents the 
bolt head from turning with the bolt cylinder. On 
the side of the bolt head is a hole to allow for the 
escape of gas in event of a blow-back or burst case. 
The projection on the bolt head is slotted to take 
the extractor, which is a short steel bar with the 
usual claw at the end. It is pivoted on a screw at 
the rear of the slot and is kept up to its work by a 
small V-spring let into the slot above it. 

The striker is in one piece and has a collar (10) 
against, which the front end of the main spring 
hears. The front fare of the collar seats against the 
rear end of the bolt-head tenon in the “fired* 5 posi¬ 
tion and thus limits the protrusion of the striker. 
Originally there was, in front of the collar, a small 
stud which fitted into a recess cut for it in the rear 
of the bolt-head tenon. This stud was later dis¬ 
carded, but both the modified and unmodified types 
of striker are still in use in the service. The end 
of the striker is screw-threaded for attachment to 
the cocking piece (11). 

The main spring (12) is of coiled steel wire set 
to a length of 3% inches. 

The cocking piece has a long tongue projecting to 
the front and lying against the under side of the 
bolt when it is assembled. The front end of the 
tongue forms the full bent (7J) and a groove cut 
across it the half bent (14). A stud (7) on the 
upper side of the tongue works in the two grooves 
already mentioned in the rear of the bolt cylinder. 
On the left side the tongue is recessed in two places 
for the locking bolt to engage in. The rear of the 
cocking piece was originally formed with a circular 
projection, cut away on the left-hand side and 
roughened to serve as a grip for finger and thumb 
when cocking without operating the bolt. The 
Mark III* rifle was fitted, as an alternative to 


facilitate manufacture, with a cocking piece which 
had its rear end formed as a flat piece, grooved on 
each side to give a grip for finger and thumb. Both 
these types of cocking piece are now interchange¬ 
able in the Marks III and 111*. 

The bolt may be easily stripped for cleaning and 
examination. The striker-keeper screw' (15), which 
retains the striker in position in the hole drilled and 
tapped for it in the rear portion of the cocking 
piece, having been removed, the bolt head is un¬ 
screwed. Those strikers which are filled with a 
stud on the front face of the collar can be un¬ 
screwed by means of the bull head, but to avoid the 
possibility of damage to the bolt-head tenon this 
method should not be employed, and the special 
tools with which armorers are provided should be 
used. 

The body is cut aw-ay on the right side for the 
greater part of its length to allow the projection 
on the bolt head to work backwards and forwards. 
The hook on the projection of the bolt head en¬ 
gages in a slot or rib. which is cut away at the rear 
end just sufficiently to allow the hook on the bolt 
head to be free. There is a small retaining catch 
forming a continuation of the rib at this point. 
When the bolt is drawn back as far as possible the 
hook can be forced up over this catch and the holt 
removed from the body. The retaining catch is a 
small spring secured by the rear-axis screw on the 
right side of llie body. The rear of the body does 
not form a complete cylinder, but is slotted out at 
the top to afford passage for the rib on the bolt 
and at the bottom for the bolt lug and cocking 
pieces. The right-hand side of the rear of the body 
forms the right resistance shoulder for the rib on 
the bolt, and opposite this on the left side is the 
slot into which fils the bolt lug, the rear face of the 
slot forming the resistance shoulder on this side of 
the body. It is cut on a screw pitch to assist in 
forcing the cartridge home in the chamber and in 
the final compression of the main spring when the 
bolt is turned down into the locked position for 
firing. The recess for the lug is at the rear end 
of the body, opposite the resistance shoulder; the 
entrance to it is cut on an incline in the usual way 
to give the leverage necessary for primary ex¬ 
traction. 

In front of the resistance shoulder, at a sufficient 
distance to give clearance for the bolt-head projec¬ 
tion when the bolt is being removed, a charger- 
guide, in the form of a bridge (16), is riveted to the 
left and right sides of the body. Immediately in 
front of the charger-guide, the left side of the body 
is cut away in a semicircle to allow the thumb to 
sweep the cartridges out of the charger into the 
magazine. The front end of the body is a complete 
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cylinder, into which the barrel screws. As no space 
has to be provided for the lug recesses, the bolt 
head enters a little distance only into this cylinder, 
which is not much recessed and is readily cleaned. 
Beneath the barrel chamber the action body is 
sloped off (17) to provide a way or guide for the 
cartridges entering the chamber from the magazine. 
The right side of the body is slotted to take the 
cut-off. There is no tang as in Continental actions. 
The place of the tang is taken by a socket (IS), 
which is part of the body and projects downwards. 
Into it the butt fits, and in the center of it is a 
hollow, threaded boss (IQ) for the stock-bolt (20). 
The rear end of the body, including the upper sur¬ 
face of the socket, is grooved to allow passage for 
the lug and cocking-piece tongue. The usual open¬ 
ing beneath the body is provided for the magazine. 

At the rear end, on the left of the body, two 
holes are drilled for the locking bolt ( 21 ) and lock¬ 
ing-bolt safety-catch (22). The locking bolt is a 
stem, fitted with a roughened thumbpiccc by which 
it may be actuated. The stem fits into a hole in 
the body leading into the groove for the cocking- 
piece tongue. The end of the stem is cut away so 
that when the thumbpiece is in the forward posi¬ 
tion the cut-away portion is level with the floor of 
the groove for the cocking-piece tongue and the 
cocking piece Can pass over it. When the thumb- 
piece is drawn to the rear the solid portion of the 
stem rises in the groove and engages in one of two 
recesses cut in the cocking-piece tongue, according 
to whether the latter is in the cocked or fired posi¬ 
tion. The bolt can thus be locked fired, or cocked. 
When the stem of the locking bolt engages in the 
front or cocked-position recess, it draws back the 
cocking piece slightly, removing the bent from con¬ 
tact with the nose of the sear. On the stem of the 
locking bolt, close to the thumbpiece, is cut a steep- 
pitched thread (23). On this thread works the arm 
of the safety catch. On the end of this arm is a 
short stem which fits in the hole entering the bolt¬ 
way of the body. When the thumbpiece of the 
locking bolt is in the forward position, this stem is 
within its hole and clear of the bolt in the boltway. 
When the thumbpiece is drawn to the rear, the 
threads on the locking-bolt stem and safety-catch 
arm push the stem forward so that its end enters 
the short groove on the end of the bolt and prevents 
the latter from being rotated and drawn back. By 
the combined action of locking bolt and safety 
catch, both cocking piece and bolt are positively 
locked against any possibility of accidental opening 
or discharge. 

The ejector is a small screw which projects 
slightly into the boltway on the left side. On draw¬ 
ing back the bolt the back edge of the rim of the 


cartridge case catches against the end of this screw 
and is thrown out of the rifle to the right. In 
practise this action only takes place in the case of 
a bulleted round, when the case is held on the bolt 
face until the bullet is clear of the breech. An 
empty case, being shorter and therefore being clear 
of the barrel sooner, is normally thrown out to the 
right by the action of its rim frictioning against the 
sloping portion of the groove hollowed out in the 
left side of the body immediately behind the breech. 

The trigger mechanism is on the double-pull sys¬ 
tem already described in the account of Continental 
rifles, but differs from them in most particulars, save 
for the provision uf two ribs (24) on the upper part 
of the trigger. The sear (25) is a two-armed, bell- 
cranked lever, pivoted to the projection beneath 
the body on the same screw which holds the retain¬ 
ing catch. It is pressed to the rear and upwards 
by a U-shaped spring (26) which also serves to 
keep the magazine-catch up to its work. The long 
upper arm passes through a hole in the body into 
the groove for the cocking-piece tongue, and en¬ 
gages with the full bent on the latter when the 
bolt is pushed forward. The short arm projects 
downwards. The trigger is pivoted on a pin which 
passes through the trigger guard (27). The two 
ribs are on the front surface of the upper part of 
the trigger. On pressing the trigger the lower of 
the two ribs engages with the short arm of the sear 
and causes the latter to revolve on its axis until the 
end of the long arm has come close to the edge of 
the bent. The pull during this movement is light, 
as the rib is close to the trigger pivot and great 
leverage is obtained. The fulcrum is then trans¬ 
ferred to the upper of the two ribs, which, being 
further from the pivot, affords less leverage, and 
a stronger pull is therefore necessary to make the 
sear move the small remaining distance which re¬ 
leases the cocking piece and allows it to fly forward. 
The motion imparted to the sear by the motion of 
the trigger acting through its upper rib is, however, 
more rapid, and the sear is thus drawn smartly off 
the bent. 

The action of the bolt mechanism has already 
been indicated in the description of the parts. 
The complete sequence is as follows: 

On raising the bolt lever the cocking piece is pre¬ 
vented from turning with the bolt by the fact that 
the tongue is engaged in the groove in the body. 
The bolt head is prevented from turning by its 
hook engaging with lhe rib on the right side of the 
body. As the bolt is turned, the cam face at the 
end of the two grooves on the rear of the bolt 
forces back the stud on the upper side of the tongue 
of the cocking piece. This draws the end of the 
striker clear of the end of the bolt head and par- 
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tially compresses the main spring. As the turning 
movement continues, the sloping face of the lug 
working against the sloping face of the recess in 
the action causes the whole holt to move to the 
rear, effecting primary extraction. When the boll 
has been turned as far as it will go, the rib touches 
the left side of the body and is opposite the gap 
in the rear of the body. The lug is now in the 
groove for the cocking piece. The bolt can be 
drawn back until the projection on the bolt head 
strikes against the resisting shoulder. This acts as 
a retaining arrangement. The stud on the cocking- 
piece tongue has now fallen into the recess in the 
front end of the short groove on the bolt and the 
cocking piece cannot revolve and is retained in po¬ 
sition for entering its groove in the body. On push¬ 
ing forward the bolt the full bent of the cocking 
piece engages the end of the sear, and the main 
spring is further compressed. As the bolt is driven 
forward the stud between the long and short 
grooves on llie bolt passes the slud on the now 
stationary cocking piece. On turning down the 
bolt, the bolt is forced forward by the action of the 
sloping faces on the rear of the lug, and the rib 
working against their bearings on the body. In 
the complete action of closing the bolt the free for¬ 
ward travel is 3 inches; the travel after the sear 
has engaged with the bent, when the pressure of 
the main spring has to be overcome, is Yi inch, and 
the final forward movement, on turning down the 
lever, ‘/s inch. When the action is cocked, the stud 
on the cocking-piece tongue lies in the long groove 
in the body, and the cocking piece and striker are 
free to ily forward when the sear is released from 
the bent by pressing the trigger. Should the trigger 
be pulled w f hen the bolt is not completely closed, 
the stud on the cocking-piece tongue strikes against 
the stud between the two grooves on the bolt and 
either causes the bolt to close, automatically, before 
the striker point reaches the cap of the cartridge, 
or else the two studs meet full face and the striker 
is prevented from flying forward. If the action is 
then closed by hand the sear falls into the half-bent 
and the action is locked owing to the two studs 
lying side by side, preventing the rotation of the 
bolt. It is possible to cock the action fully by 
drawing back the cocking piece. 

The magazine (28) is a detachable sheet-steel 
box, strengthened by two flutings on cither side. 
It contains ten cartridges in two columns which are 
fed up as required by the action of a zigzag ribbon 
steel spring (29). The platform (JO) is so formed 
that the left side is higher than the right. The left- 
hand column of cartridges is thus presented to the 
bolt first and then the right-hand column, car¬ 
tridges being pushed forward alternately from each 


column until the magazine is empty. The sides of 
the rear end of the box are extended slightly up¬ 
wards and turned in to retain the cartridges. In 
the No. IB (stamped with the figure 4) magazine 
there are small inturning projections made by turn¬ 
ing over the top of the sides of the box in front. 
These serve to keep the platform in position when 
the magazine is empty. In earlier marks of maga¬ 
zine a stop clip is pivoted on the right side of the 
box, in front, which helps to keep the platform in 
position when the magazine is empty and keeps the 
bullet of the upper cartridge of the right-hand 
column in position when the magazine is full. This 
clip can be drawn down to the front when the 
magazine has been detached from the body, and 
the platform and spring can be withdrawn fnr ex¬ 
amination and cleaning. The spring is secured to 
the No. 3 platform by a tongue of metal turned 
over on the right-hand side and by two rivets. In 
earlier marks it is secured by two tongues of metal 
on each side. Downward-turned tongues of metal 
on the front and on the left-hand side at the rear 
of the platform serve as positioning guides. A 
small turned-down tongue on the right side at the 
rear serves the same purpose. At the back of the 
box is a rib in which is cut a tooth (31) to engage 
in the magazine retaining spring catch. In the No. 
1A and IB (stamped 3 and 4) magazines there is 
also a small auxiliary spring which bears against 
the front of the trigger guard. Into the front of 
the box is hooked and secured the magazine plat¬ 
form auxiliary spring (32) which serves to keep the 
front end of the platform at a proper angle when 
the magazine is full and also protects the front of 
the box from being dented by the points of the 
bullets. 

The cut-off is pivoted to a vertical screw in the 
projection on the right side of the body. It works 
in a slot parallel to and below the rib on the body 
for the bolt-head hook. It is provided with a 
cylindrical thumbpiece, bored out for lightness and 
ribbed on top for the thumb to grip. It is spring- 
tempered and set to press upwards, a small project¬ 
ing flat on the upper surface acting as a catch 
against the side of the body and holding the cut-off 
open or shut. In the shut position the cut-off holds 
down the cartridges in the magazine out of the 
path of the bolt and acts as a platform for single 
loading. The hole in the rear of the cut-off is for 
convenience in manufacture only. In the Mark 
TTI* rifle there is no eul-off. In none of the marks 
is any provision made to indicate that the magazine 
is empty, as is provided in the Springfield rifle and 
in some Continental arms. 

The trigger guard is attached to the body by a 
screw' (JJ) passing up through a collar (34) let 
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into the fore-end in front of the magazine, and by 
a small transverse screw (55) passing through ears 
on the bottom of the socket of the body. 

The barrel which screws into the body in the 
usual manner is strongly reinforced at the breech 
end, which is formed into a flat on its upper sur¬ 
face known as the Nock's or “Knox” form (36), 
from an old-time gun maker named Nock, who first 
devised this method of insuring the correct breech¬ 
ing up of barrel to body necessary to bring the 
sights vertical. It is 25.1 inches long overall and 
weights 2 pounds 2 1 /* ounces. This is the lightest 
barrel used in any service arm. 

The rifling is of the Enfield figure, with five 
grooves of .0065 inch mean depth. The width of 
the lands between the grooves is .0936 inch. The 
twist of the rifling is one turn in 10 inches, left- 
hand. The left-handed twist was originally adopted 
in order to compensate for the drift due to the ro¬ 
tation of the earth in the Northern hemisphere. Tt 
also has the effect of twisting the butt of the ride 
away from the firer’s cheek instead of against it. 

The foresight (37) is of the “blade” pattern and 
consists of a plate dovetailed into the foresight 
block (38) at right angles to the axis of the barrel. 
It is capable of lateral adjustment. The foresight 
block is formed with a band which fits the barrel 
and is kept in position by a key and cross-pin. It 
is set approximately .015 inch left to counteract 
the lateral throw of the rifle due to vibrations set 
up on firing. The backsight (39) is attached to a 
bed (40) which encircles the barrel, to which it is 
fixed by a cross-pin In the middle. It is also sup¬ 
ported by the sight-spring screw. The sides of the 
bed are raised to form a ramp (41). The leaf 
(42) is a solid piece of steel pivoted to the bed in 
front and kept in position by a spring fitted into 
the bed. It can be turned over on to the hand 
guard and rebounds into correct position when it 
is brought past the vertical. It is graduated from 
200 to 2.000 yards. On the top left side of the 
leaf arc lines representing every 25 yards. On the 
top right side the lines represent every 100 yards. 
The odd figures from 300 to 1,900 yards are omitted. 
A slide (43) fitted with a spring catch and a fine 
adjustment worm-wheel (44) enables the sight to 
be set at any elevation. The right side of the leaf 
is cut with screw-thread notches, and in these the 
fine adjustment is released, and the slide may be 
moved quickly along the leaf by the action of the 
thumb only. The periphery of the worm-wheel is 
divided by 10 thumbnail notches, the distance be¬ 
tween each notch representing 5 yards in range, 
i.c., 5 notches equal 25 yards, or one division on 
the left side of the leaf. One complete revolution 


of the fine-adjustment worm-wheel moves the slide 
50 yards. 

A wind gauge was originally fitted on the rear 
end of the leaf, but has been discarded. It was 
held in position by the wind-gauge screw. The 
scale was marked in divisions representing 6 inches’ 
deflection on the target at 100 yards. Each quar¬ 
ter-turn of the wind-gauge screw represented 1 inch 
of deflection for every 100 yards of range at which 
the sight was set. At each quarter-turn a friction 
spring engaged in a nick inside the head of the 
screw, checking its rotation. A U-shaped notch was 
cut in the top edge of the slide, and the face was 
roughed to prevent the reflection of light. 

In the Mark IIT* and in the later Mark III rifle 
there is no wind gauge. Its place is taken by a 
cap which is attached to the leaf by means of a 
screw. It is provided with a U-notch and rough¬ 
ened on the face. There are two patterns of back¬ 
sight caps which differ slightly in form. 

Long-range sights were provided in the earlier 
Mark III giving elevations from 1,700 to 2,800 
yards. The backsight consisted of an aperture at¬ 
tached to the left side of the body. It was carried 
on a bar terminating at the upper end in a cup¬ 
shaped button through which a peep-hole was 
bored. It was pivoted on the stem of the locking 
bolt and kept in position by a spring. The fore¬ 
sight, known as the dial sight, was attached (o the 
left side of the fore-end, and consisted of a dial on 
which the ranges were marked, a pointer, and a 
bead which acted as a foresight. 

No long-range sights are fitted to the Mark III* 
rifle or to the later Mark III. 

The stock is in two pieces. The fore-end (45) is 
held to the barrel by a nose cap (46) and outer 
band (47), which arc fitted with swivels. The 
swivel of the nose cap is a piling swivel, i.e., cut 
away in the center. A swivel is also fitted on the 
butt. Naval-service swivels are made slightly 
larger than for land service. The barrel being 
comparatively light, accuracy is liable to be detri¬ 
mentally affected by a badly fitting fore-end. In 
the assembled rifle there are three important metal- 
on-wood bearing points where even bearings must 
be insured. They are as follows: 

(1) The thrust of recoil is received by the stock, 
through the medium of the rear lugs on the 
body, on the resistance shoulders formed a 
little in front of its rear end. It is essential 
that the thrust should be taken up evenly 
on both sides. 

(2) The barrel must be held firmly down on the 
fore-end at the reinforce. This is effected 
by the fore-trigger-guard screw, which is 
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fatted with a collar which limits the amount 
of “crush” which can be obtained on the 
wood by tightening. It must be noted that 
in the case of a shrunk fore-end there is a 
danger of the screw being screwed up tightly 
against the collar without pulling the barrel 
down tightly on the fore-end. Careful fit- 
ling is therefore necessary. It r s also im¬ 
portant to remember that, since the trigger 
is mounted on the trigger guard, a loose 
fore-trigger-guard screw may affect the 
“pull-off” of the rifle by allowing the front 
end of the trigger guard to drop, and thus 
slightly affecting the relative positions of the 
trigger and the tail of the sear. 

(3) The barrel is caused to bear lightly on the 
woodwork y 2 inch in rear of the inner band 
(48) by means of a spring acting through 
the medium of the latter. 

Between (2) and (3) the woodwork is hollowed 
out so as to be clear of the barrel, and from the 
inner band forwards the barrel is held away from 
the fore-end by the fore-end spring stud, the hole 
in the nose cap being slightly oval in form to give 
the necessary clearance. 

The foregoing is a brief description of the service 
stocking. For match shooting under N. R. A.* 
conditions, with private rifles, certain other meth¬ 
ods have been evolved. These other methods have 
for their object the increased weight of the barrel 
and the damping of the vibrations set up on firing 
in order to attain a relatively high standard of ac¬ 
curacy for the special conditions of target shooting. 
They consist, briefly, in adopting some means of 
packing the barrel between the fore-end and fore¬ 
hand guard. The service stocking was evolved with 
the object of insuring a consistently satisfactory 
standard of accuracy under service conditions. 

A backsight protector formed with two upstand¬ 
ing ears, roughened on top so as not to reflect the 
light, is let into the fore-end and secured by a 
vertical screw and nut. 

The nose cap completely encircles the barrel at 
the muzzle and is provided with a tang which 
projects backwards under the fore-end and carries 
the piling swivel at its rear end. Immediately in 
front of the piling swivel is a sword bar for the 
attachment of the pommel of the bayonet, and in 
front below the muzzle is a boss on which the ring 
of the bayonet cross-piece fits. The sword bayonet 
is thus fixed underneath the rifle to the nose cap 

•National Rifle Association of Great Britain. 


only, and does not touch the barrel. The nose cap 
is provided with high wings roughened on top, 
which protect the foresight. It is pierced on either 
side beneath the wings fo r lightness. 

The hand guard (49) extends the full length of 
the barrel and is divided into two parts by a saw- 
cut opposite the backsight bed. This is for con¬ 
venience in fitting and removing. 

The rear portion fits over the barrel and is held 
in position by means of a spring riveted on to it. 
The front end of the hand guard is strengthened by 
a sheet-steel cap which fits under a recess in the 
nose-cap. A groove is cut in the correct position 
for the jointed outer band, a slot being formed to 
give clearance to the hinge. The hand guard does 
not touch the barrel, as the groove is of greater 
diameter than the barrel. An inner band is carried 
permanently on the barrel; it is grooved out so as 
to touch the barrel in two places, and is fixed in 
the groove of the fore-end in rear of the lower band 
by means of a screw, the head of which bears 
against a strong spiral spring. 

The butt is attached to the socket on the action 
body by means of a stock bolt (20) that is inserted 
through a hole drilled longitudinally from the butt 
end. It is made in three ordinary lengths, long 
and short butts being marked by the letter L or S 
stamped on the wood on the lop of the butt. For 
special use during the Great War, butts shorter 
than the ordinary short butt were made. These 
were termed “bantams” and stamped with the letter 
“B” 

The butt plate is of brass, forgeable alloy or 
malleahle iron. Tt is finished polished or zinc elec¬ 
troplated, according to the materials employed in 
manufacture. It is fitted with a trap for the inser¬ 
tion of oil bottle and pull-through. A marking disc 
is fixed with a strew to the right side. The “grip” 
is of a special “semi-pistol” shape. 

The rifle, short, magazine, Lee Enfield Mark V 
was an improvement on the Mark TIT, but altho a 
certain number were produced in 1925 none were 
issued, and it was later discarded in favor of the 
more fully developed Mark VI. The Mark V dif¬ 
fered from the Mark III in several particulars, the 
chief of which were (1) the adoption of an aper¬ 
ture backsight located on a specially-designed bed 
on the body behind the bridge charger-guide; (2) 
the making of the hand guard in one piece com¬ 
pletely covering the barrel. The Mark VI is the 
outcome of experiment, since the Great War, but 
as yet has not been produced in quantity. 
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r fASMUCH as chemistry plays an important 
part in the manufacture of ammunition and fire¬ 
arms, some elementary information on this subject 
will be helpful for the student who wishes a general 
understanding of what is necessary in compounding 
various acids for browning or bluing, and in the 
handling of other substances used in the building 
of a firearm. With a definite understanding of the 
names of chemicals and the formulae given in other 
chapters, he will be able to carry his experiments 
to any desired length. It is much like the glossary 
of mechanical terms used by gunmakers—a separ¬ 
ate book could be written on the subject—but with 
this as a foundation, the reader will find a world of 
facts suited to the many needs that may arise in 
the course of his gun work. 

Acids— 

Acetic Acid —A colorless pungent liquid, usually obtained 
by the destructive distillation of wood, or by the oxidization 
of alcohol with ferments. The acetic acid of commerce is an 
aqueous solution containing 33 to 36 per cent of glacial (pure) 
acetic acid. Vinegar contains 4 to 12 per cent. 

Boracic Add—A colorless crystalline compound, obtained 
largely in volcanic lagoons of Tuscany, Italy, and found in 
chemical combinations such as borax. 

Carbolic Acid —A white crystalline deliquescent compound 
with a burning taste, and an odor resembling that of creosote; 
contained in the heavy oil of tar from which it is distilled. 
It is a caustic poison. Known also as phenol. 

Gallic Acid—Add produced in yellowish-colored crystals, 
derived from nut galls or oak apples. Soluble in water and 
alcohol. Nut galls are an important ingredient in the man¬ 
ufacture of good black ink. 

Hydrochloric Acid— Known in commerce as muriatic acid. 
The only known compound of chlorin and hydrogen. Ob¬ 
tained when equal quantities of chlorin and hydrogen are 
mixed and exposed to the diffused light of day. The gases 
combine and form an unaltered volume of hydrochloric-acid 
gas. The acid may, however, be more easily prepared by 
heating sodium chlorid (common table salt) and sulfuric 
acid in a flask. This acid is r. colorless gas, 1.269 times heavier 
than air; it fumes strongly in damp air, combining with the 
moisture, and has a strong acid reaction. It is very soluble 
in water, one volume of the acid at IS degrees dissolving 454 
volumes of the gas. This solution is the ordinary hydrochloric 
or muriatic acid of commerce. 

Hydrofluoric or Fluoric Acid —Used to etch glass. The gas 
and solution are dangerous substances. The gas is poisonous, 
and the acid, if dropped on the skin, produces severe bums. 
Keep in wax or bakclite bottles. 

Muriatic Acid —So called because it was formerly thought 
to be an oxid of an unknown element, murium. Also called 
hydrochloric acid. 

Nitric Acid—Voimni by the action of sulfuric acid on ni¬ 


trates and other means. The pure acid is a colorless, fuming, 
corrosive liquid. Ordinary commercial nitric acid is yellow¬ 
ish in color. This acid is very active, dissociating very readily 
in water, and also having strong oxidizing qualities. It at¬ 
tacks most metals and certain other elements. It yellows and 
corrodes various organic compounds. Known also as aqua 
fortis, or strong water. Used to etch metal. 

Oxalic Acid—A white crystalline poisonous compound 
found extensively in the vegetable kingdom ; also made by the 
decomposition of sugar, etc., with nitric acid. Also called 
salts of lemon. 

Picric Acid—A yellow crystalline compound obtained by 
the action of nitric acid on phenol, and by other means. 

PyrogaUic Acid —Obtained from gallic acid by heat. 

Salicylic Acid —A white crystalline compound contained in 
many plants, and also made from phenol. 

Sulfuric Acid —A colorless, very corrosive, oily liquid com¬ 
pound. Originally made by distilling iron sulfate (preen 
vitriol), hence its name, oil of vitriol. It is the most impor¬ 
tant acid used in the arts. Do not confound it with sulfurous 
acid (sulfur dioxid), which is simply the fumes of burning 
sulfur combined with the oxygen of the air. The burning 
brimstone match gives forth sulfurous acid. 

Tartaric Acid —A colorless crystalline compound occurring 
largely in the vegetable kingdom, either as a potassium or 
calcium salt. Usually prepared commercially from argol, 
which is the crude tartar found at the bottom of wine casks. 

Acetone —An inflammable liquid w'ith a biting taste, 
obtained by the destructive distillation of certain acetates, 
citric acid, starch, sugar or gum. Used in making chloro¬ 
form; a solvent for fats, camphor and resins, and powder 
residue. 

Alcohol— 

Ethyl —Grain alcohol. Obtained by fermentation and dis¬ 
tillation of rye, wheat, etc. 

Methyl —Wood alcohol, wood spirits, carbino); distilled 
from wood. 

Denatured —The addition of 10 per cent wood alcohol 
“denatures” it according to law. For general commercial 
use benzine is added, the first-mentioned article being al¬ 
lowed to manufacturers of varnish, etc., only under special 
permit. Hence, denatured commercial alcohol is not so 
desirable for many uses that a wood finisher finds for al¬ 
cohol, owing to the presence of the benzine. In Great 
Britain, denatured alcohol is known as methylated spirits. 

Absolute —Absolute alcohol is that which is entirely free 
of water, a condition not obtainable by ordinary distillation, 
and effected only by the use of some dehydrating substance 
such as quicklime. Commercial absolute alcohol contains 
about 1 per cent of water and is used only for special pur¬ 
poses. As used in the U. S. Pharmacopccia, alcohol means 
a solution of 91 per cent by weight of ethyl alcohol and 9 
per cent of water. 

Proof Spirit— Or dilute alcohol: 45.5 per cent by weight 
of alcohol, 54.5 per cent of water. 

Amyl —Amyl alcohol is the principal constituent of fusel 
oil, etc. 
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Alizarine—An orange-red crystalline compound for¬ 
merly obtained from the madder plant, but now made from 
the coal-tar product, anthracene. 

Alkali—Anything that will neutralize an acid; for ex¬ 
ample, lime, magnesia, ammonia, soda, potash. 

Alkanet Root—The root of a species of bugloss. It 
gives a fine red color to alcohol and oils, but a dirty red 
to water. Used very successfully when mixed with linseed 
oil to darken light woods. 

Aloes—An intensely bitter resinou3 substance consisting 
of the inspissated juices of the leaves of several species of 
aloes. 

Alum—Sulfate of potash and aluminum. Potash alum. 

Ammonia—A colorless gaseous compound of hydrogen 
and nitrogen. Aqua ammonia or ammonia water is a solu¬ 
tion of gaseous anhydrous ammonia in water. It should 
contain io per cent of the gas by weight; the “stronger 
ammonia,” 28 per cent. Ammonia is very soluble in water, 
liquefiable and solidihablc by cold and pressure; it is 
strongly alkaline and combines readily with acids to form 
ammonia salts. 

Ammonia Persulfate—Comes in a powder form and 
when mixed with ammonia and distilled water makes a 
very good cleaning solution, especially for dissolving metal 
fouling. 

Ammonium— 

Phosphate —A combination of ammonia and phosphoric 
acid. 

Sulfate —A salt formed by the union of ammonia and 
Sulfuric acid. 

Chlorid —Sal ammoniac. 

Carbonate —A variable mixture of ammonium bicar¬ 
bonate and ammonium carbamate. 

Annato—Also spelled anotta, arnotta, and annotto. A 
red coloring substance obtained from the pulp of the seed 
vessel of the plant bixaorellana. It dissolves in alcohol and 
can be used to darken light woods. 

Anifin—An oily poisonous basic liquid, colorless when 
pure; now chiefly made by the reduction of nitrobenzine. 
It may be regarded as ammonia in which one hydrogen 
atom has been replaced by the radical phenyl. In commer¬ 
cial language anilin (or anilin oil) for blue, signifies pure 
anilin; anilin for red, a mixture of anilin and o- and 
p-toluilin; and anilin for safranin, anilin containing 
o-toluidin. 

Antimony Trichlorid—Butter of antimony. A compound 
obtained as a soft, white, fuming crystalline mass by dis¬ 
solving antimony trisulphid in hydrochloric acid and dis¬ 
tilling. Butter of antimony enters into most formulas for 
furniture polish, because it is a good cleanser, not affecting 
the luster. It is highly corrosive. 

Aqua Rogia—Meaning “royal water.” Certain metals 
such as gold and platinum, and many metallic compounds 
such as certain sulfids which do not dissolve in either 
nitric or hydrochloric acid separately are readily soluble in 
a mixture of these two acids, especially upon warming. 

Arsenic—While and red arsenic are used in coloring. 

Arsenic Chlorid—Also used in the ingredients to color 
brass, copper, etc. 

Barium Chlorid—A salt obtained by fusing barite, a 
native sulfate of barium, with calcium chlorid. 

Barytes—Sulfate of baryta. Most important of the salts 
of barium. Barytes is commonly known as heavy spar. 

Benzene—Obtained by distillation from petroleum. 

Benzoin Cum, or Gum Benjamin—A gum extracted 
from the tree, sty rax benzoin, which grows in the East 
Indies. It fuses at a gentle heat. Can be dissolved in 
alcohol and employed as a varnish to take the place of 


white shellac in finishing. Tt gives an agreeable odor when 
warmed by the heat of the hands. 

Bismuth Chlorid—Used to color metals when mixed in 
proportions of other ingredients. 

Bismuth Oxychlorid—A metallic salt used in certain 
bluing solutions. 

Blue Vitriol—Sulfate of copper, also called blue stone. 
A salt formed by sulfate acid in combination with copper. 
It is soluble in cold or warm water. Used in bluing solu¬ 
tions and for coating steel when mixed with sulfuric acid 
to give a copper appearance to the surface. 

Bone-black—Animal charcoal or bone-black is made by 
heating bones and animal refuse in a closed vessel. Used to 
coat work where fine points are exposed in hardening. 

Brazilwood——A number of tropical American trees yield 
dyes such as the sapanwood, peachwood, limawood, cam¬ 
wood, barwood, brazilwood, and red sanders or sandalwood. 
These produce red or purple dyes. 

Brunofeine—A preparation used to give the appearance 
of age to oak. or to make imitation old oak. To make it. 
boil 7 parts linseed oil with 2 parts litharge and 2 parts red 
lead in a large kettle until the pale red liquid is converted 
into a thick brown mass which becomes solid when cold. 
Reduce this solid body into pieces; pour 16 parts of tur¬ 
pentine over it and dissolve by stirring or by the use of 
heat. This is filtered through linen, and the dear liquid 
obtained is mixed with 3 parts of wax turpentine solution. 
If necessary, color with a solution of asphaltum in turpen¬ 
tine for a lively brown tone. 

Campeachy Extract—Logwood extract. 

Camphor—A solid concrete substance. Laurus camphor 
or Indian laurel tree grows in the East Indies, China, Japan 
and the Island of Sumatra. This substance dissolves in 
alcohol, ether, oil, and acetic acid. Used in making sulfur 
casts, etc. 

Catechu—That mostly used is called Bengal catechu and 
is an extract of the wood of either of two East Indian 
acacias. Gambier catechu is from an East Indian shrub. 
Cutch is from several tropical Asiatic plants. The wood, 
leaves, or fruits are used in obtaining the coloring matter, 
by decoction and evaporation. 

Carbon Disulphid—A clear liquid which, when not per¬ 
fectly pure, has a very offensive odor. Dissolves rubber, etc. 
Carbonate of— 

Magnesia —The white magnesia is a varying mixture of 
carbonate and hydrate, made by precipitating a hot solution 
of magnesium sulfate with sodium carbonate. 

Potash - Commercially known as pcarlash and potash. 

Soda —Known in commerce as soda ash. Made on a large 
scale from sea salt. 

Carmine—There arc several carmines. Made from the 
cochineal insect. Carmine lake is marie from carmine and 
alum. Indigo carmine is of the same class. 

Caustie Soda—Sodium hydroxid. Made by boiling lime 
and carbonate of soda together with water and evaporating 
down the clear solution. 

Charcoal—Used when powdered to blue small parts, 
willow charcoal being the best. Also used in the making of 
black powder. 

China-wood Oil—Tung oil. Described at some length 
in Chapter XII, Volume I. 

Chlorid of Lime—Calcium chlorid. A mixture of cal¬ 
cium and calcium hypochlorite; bleaching powder. 

Chlorid of Sulfur—Sulfuryl chlorid. A colorless, slightly 
fuming liquid, obtained by direct union of sulfur dioxid and 
chlorin by sunlight and otherwise. Treated with water, it 
decomposes, forming sulfuric chloranhydrid. 
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Coconut Oil—Used in the mixture of oils such as 
sperm, etc. 

Collodium—Collodion. A viscous liquid consisting of a 
mixture of alcohol and ether in which soluble guncotton or 
pyroxyllin is dissolved. On evaporation of the solvents, 
the pyroxyllin remains in a tough adhesive form, in which 
condition it is used for photograph films, etc. 

Copal—The concrete juice of a tree growing in South 
America and the East Indies. Strictly speaking, it is not a 
gum or a resin, but rather resembles amber. It may be 
dissolved in linseed oils with heat a little less than sufficient 
to boil the oil. The solution diluted with oil of turpentine 
forms a transparent varnish used on some forms of stock 
work. 

Copperas—Sulfate of iron or green vitriol. A salt made 
by decomposition of iron or iron pyrites in oil of vitriol, 
dissolved in water and other ingredients. The basis of some 
bluing solutions. 

Corrosive Sublimate—Or bichlorid of mercury. Made 
by the action of chloroform and quicksilver, forming a 
deadly white powder. Used in most bluing solutions. 

Creosote—An oil liquid, colorless when pure, but usually 
colored yellow or brown by impurities or exposure. It is 
obtained by the distillation of wood tar, especially that of 
bccchwood. A similar substance is obtained from coal tar. 
Creosote is obtained from creosote oil by purification. 

Cupric Chlorid—Chloric! of copper. Formed when cop¬ 
per is brought into chlorin gas, or when copper oxid is dis¬ 
solved in hydrochloric acid; it forms green needle-shaped 
crystals, soluble in water and alcohol. Used in bluing 
solution. 

Cupric Sulfate—Sulfate of copper, blue vitriol, blue- 
stone. Largely made by dissolving copper oxid in sulfuric 
acid. It crystallizes in large blue crystals. 

Cyanid Chlorid—A white substance which is produced 
in moulds and also powder. Highly poisonous. Used in 
case-hardening. 

Dammar—A resin obtained from various pinaccous 
trees of the genus dammara in Australia. New Zealand, and 
the East Indies. Dammar alba is from the Amboyna pine; 
dammar Australia is from the Kauri pine. Batavia dam¬ 
mar simply means that it came from the principal shipping 
point of that name. The so-called Ratavia dammar is 
considered to represent the best. 

Distilled Water—Use only the pure distilled water in 
all chemical mixtures. 

Digest—To extract soluble substance, as from bark, etc., 
in alcohol; to soften by heat or moisture. 

Dragon's Blood—The true dragon's blond of commerce 
is obtained from the Malayan rattan palm, from whose 
fruit the resin exudes. Socotrine dragon's blood, from the 
island of Socotra, is probably the “cinnabar" of the an¬ 
cients. Used for tinting varnishes and staining wood and 
marble. 

Epsom Salts—Magnesium sulfate. Obtained mainly 
from the mines at Kieserite. Formerly obtained by boiling 
down the mineral waters of Epsom, England. 

Ether—Obtained by the distillation of alcohol with sul¬ 
furic acid, hence also known as sulfurous ether. A powerful 
solvent of fats, oils, resins, etc. 

Ether, Nitric—Made by distilling equal parts of strong 
nitric acid and alcohol with a few grains of urea. It is a 
liquid; colorless, having a sweet taste and insoluble in 
water. 

Ferric Chlorid—A brown salt used in bluing solutions. 

Fusel Oil—An acrid, oily liquid of vile odor, accompany¬ 
ing the making of potato spirits, com spirits, etr. It con¬ 
sists chiefly of amyl alcohol, hence is known also as amyl 
alcohol. 


Fustic—A light yellow dye obtained from the wood of 
a tree growing in Mexico and West Indies. 

Gamboge—An orange-red resin which becomes bright 
yellow when powdered. The best comes from Cambodia. 
Siam. 

Glauber Salts—See sulfate of soda. 

Glycerin—A sweet syrupy liquid, colorless, odorless, and 
obtained hv the saponification of the neutral fats and oils, 
which are composed of glycerin with various acids. It is 
a by-product of soap and candle fac tories. 

Cum—Any of a number of amorphous, tasteless sub¬ 
stances, exuded in most cases by plants, and hardening on 
exposure to the air. Their chief constituents are certain 
carbohydrates, as arabic acid, bassnrin, etc. Some (tree 
gums) form clear solutions with water, while others (vege¬ 
table mucilages) swell up in water into a glutinous mass. 
All arc soluble in alcohol. They may be true secretions, 
or transformation products of cellulose, as in cherry gum, 
etc. Loosely, any of various plant exudations, including 
the gums proper, resins, gum resins, etr. 

Gum resins arc essentially a mixture of gum and resin, 
usually obtained by making an incision in a plant and al¬ 
lowing the juice which exudes to solidify by evaporation. 
Gum resins are, in accordance with their composition, par¬ 
tially soluble in alcohol. Some substances commonly called 
gums are gum resins; they usually originate as excretion 
products in special canals or glands. Sec also Resin. 

Henna, Tincture of—From the leaves of a thorny tree 
or shrub of Asia there is obtained a reddish orange dvc. 
called henna, or alhenna. 

Indigo—Made artificially from naphthalene. Formerly 
made entirely from the indigo plant. The indigo coloring 
did nut exist in the plant as such, but was obtained by 
decomposition of indican, which contains, besides indigo 
blue, various other substances unless specially purified. 

Indigo Carmine—The sodium or potassium salt of in¬ 
digo in disulfuric arid (indigo extract). Sold usually in 
the form of a paste. 

Iron Acetone—A liquid formed by the action of acetic 
acid on iron filings. 

Iron, Sesquichlorid of—Perchlorid of iron or permurate 
of iron. Made by dissolving rust of iron in hydrochloric 
acid, and then crystallizing. It forms red crystals. Soluble 
in water and alcohol. Very corrosive; used in bluing 
solutions. 

Japan—A varnish used in Japan and obained by tapping 
a tree called the varnish tree. In the painting trade, japan 
means a drying agent. There are various kinds; brown is 
the kind generally used by house painters for adding to 
paint to assist its drying; of course there are several qual¬ 
ities or grades of brown japan. Black japan is really a 
black varnish used by coach painters. Coach japan is a 
good-quality drier used by coach painters. The color of a 
drying japan depends upon the siccative agent used and 
the amount of boiling the liquid receives. The dark japan 
is a quicker drier than the light tints. Japan gold size is 
light in color, but a strong drier. It all depends upon 
method of manufacture. For the wood finisher, the dark 
japans are usually the most useful. 

Kilo—A prefix meaning thousand, used in forming 
names of units of measurement, as in kilogram, kilometer, 
kilowatt. A “kilo’' is 2.2 pounds. 

Lacquer—Nitrocellulose is an essential ingredient of spe¬ 
cial solutions called lacquers. These arc extensively used for 
coating finished metal parts. 

. Lead Acetate—Sugar of lead. A drying agent, used in 
making *p atcnt drier. ’ A colorless or white crystal salt 
with a sweet astringent and metallic taste, made by dissolv- 
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ing lead in vinegar, and in other ways. It is an irritant 
poison. 

Lime—A caustic, highly infusible substance, white when 
pure; obtained by burning limestone, oyster shells, etc. 
Known also as quicklime. Calcium oxid. Lime slaked 
with water is calcium hydroxid. Lime slaked in the air is 
carbonate of lime. 

Linseed Oil—Made from crushed flaxseed; used on gun 
stocks. There arc two kinds, the raw linseed oil and the 
boiled. 

Litharge—A yellowish-red substance obtained by heating 
lead moderately in the presence of air, or by calcining lead 
nitrate or lead carbonate. Practically the same as red lead. 

Logwood—The heart wood of a Central American tree. 
It is very hard, and of a brown or brownish red color. 
Imported in logs hence its name. Logwood chips and extract 
arc used in dying. Barrels arc sometimes boiled in logwood 
to produce a deep black after bluing. 

Madder—A plant of the genus rubia, one species of 
which is used to dye red. 

Magnesium Chlorid—A fusible salt obtained by evapor¬ 
ating magnesia dissolved in hydrochloric acid with an equal 
quantity of sal ammoniac; on fusion, the latter salt volatil¬ 
izes, and the magnesium chlorid remains behind. 

Malaxating—To soften by kneading, rubbing, mixing, or 
by stirring some thinner substance. 

Manganate of Soda—A salt of manganic acid. Various 
manganates are formed as green masses by fusion of man¬ 
ganese dioxid with alkalies, oxids, or carbonates. Those 
of sodium (manganate of soda), of potassium (manganate 
of potash), and of barium arc perhaps the best known. 

Manganese, Sulfate of—A beautiful rose-colored salt, 
used to give a fine brown to woods. 

Marble Dust—Simply crushed and pulverized limestone. 
Large quantities arc used in making what is called “putty.” 

Mercury, Quicksilver—A fluid metal which congeals at 
about 40 degrees below zero Fahrenheit. Boils at 660 de¬ 
grees. and forms a colorless dense vapor. It is used in 
barometers and thermometers, and in alloy with lin in coat¬ 
ing mirrors. It unites with chloroform, forming calomel 
and corrosive sublimate. The only acids that act ujxm it 
are sulfuric and nitric. To make it unite with the latter, 
it must be heated. Used to remove lead fouling from rifle 
barrels, and to harden lead bullets. 

Muriate of Iron—Called chlorid or iron. Made by dis¬ 
solving iron chips in hydrochloric acid and crystallizing by 
evaporation, crystals of green color being the result. Used 
at limes in bluing solutions. 

Noat's-foot Oil—A pale yellowish fixed oil made by 
boiling the feet and shins of neat cattle. It consists almost 
wholly of olein and is used as a fine lubricant and leather 
dressing. 

Nitrate of Silver—Made by dissolving silver in nitric- 
acid and evaporating the solution to crystals. Will dissolve 
in warm water. It is used for indelible ink and photog¬ 
raphy. Also in the coloring of different metals when mixed 
with other ingredients. In contact with organic matter, it 
turns black. 

Niter, Sweet Spirits of—A solution of nitrous ether. 
Contains a high percentage of alcohol. Used in bluing solu¬ 
tions. 

Oil of Amber—Amber varnish. 

Oxalate of Tin—An oxalate is an ester of salt of oxalic 
acid. 

Ozokerite—Mineral wax. A waxy, translucent substance 
or natural paraffin, occurring usually in coal measures, 
sometimes in large quantities. 

Paraffin—A wax produced in distilling wood, lignite, 


coal, etc., and occurring in the earth as ozokerite, either as 
a solid deposit or as a constituent of petroleum. Pure 
paraffin is white or colorless, odorless and without taste. 
Chemically, it Is perfectly inert. 

Pcarlash—Carbonate of potash. An alkali obtained from 
the ashes of trees by leaching. When evaporated to dryness 
in iron kettles, it is called potash, hut when calcined to hum 
off the coloring matter it is called pearlash. 

Persian Berries—The dried Ix-rrios of various European 
and .Asiatic species of rhamnus, producing, with tin salts, a 
yellow lake. 

Petroleum Ether—A term sometimes used to designate 
62-degrcc benzene. 

Phenol—A colorless or pinkish crystalline substance pro¬ 
duced by the destructive distillation of wood, coal, etc., and 
from the heavy oil from coal tar. Its odor resembles that 
of crcosole. Generally called carbolic acid. 

Plaster of Paris—So called because originally brought 
from a suburb of Paris. Made from gypsum. When gyp¬ 
sum is moderately heated it loses its water, and becomes 
plaster of Paris. This, when moistened takes up two atoms 
of water again and sets to a solid mass. 

Potash—Caustic potash. Potassium hydroxid. Prepared 
by boiling one part of carbonate of potash with 12 parts 
of water, adding slaked lime prepared from two to three 
parts of quicklime. In this reaction calcium carbonate 
(chalk) i> formed, which falls to the bottom as a heavy 
powder, caustic potash remaining in solution. The clear 
liquid, which should not effervesce on addition of an acid, is 
evaporated in a silver basin to dryness, fused by exposure to 
a stronger heat, and cast into sticks in a metallic mold. 
This prepared caustic potash is a white substance soluble in 
half its weight of water, and is highly corrosive to the skin. 

Potash, Prussiate of—There are the red and yellow 
prussiates, the latter being non-poisonous. 

Potassium Bitartrate—Cream of tartar. Used to color 
metals. 

Potassium Chlorate—Used in bluing formulas. 

Potassium Chlorid—Used in different formulas. 

Potassium Cyanid—Used for case-hardening. 

Potassium Nitrate—Saltpeter. Used in coloring steel 
and in solutions. 

Potassium Permanganate—Used to color woods, and 

for snake bite, etc. 

Pumice—Pumice stone. A highly vesicular volcanic 
froth, which became stone upon cooling. The color is 
white, gray, yellowish, or brownish, but rarely red. The 
imported is best for rubbing with, being free from grit, 
from which the American article is not sufficiently free. 

Quercitron Bark—The bark of a large timber oak of I he 
Eastern United States, whose foliage resembles that of the 
red oak; its inner bark is yellow. 

Resiiv—Any of various solid or semi-solid organic sub¬ 
stances, chiefly of vegetable origin, yellowish to brown 
(usually), transparent or translucent, and soluble in ether, 
alcohol, etc., but not in water. Resins soften and melt on 
beating and burn with a smoky flame. Chemically they 
differ widely, but all arc rich in carbon and hydrogen and 
also contain some oxygen. Many are oxidization products 
of the terpenes and arc produced as exudates from plants 
either alone or as mixtures with essential oils (oleorcsins), 
with gums (gum resins), etc., being chiefly excretion prod¬ 
ucts. Some are obtained from alcoholic extracts by addi¬ 
tion of water, and some arc made artificially as by the 
action of caustic potash on aldehyde. The chief constitu¬ 
ents of the natural resins arc certain copals, dammar, 
guaiacum. lac, mastic, rosin, and sandarach. 

Rosin—The residue from the turpentine still. Known 
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also as North Carolina copal. Its better name perhaps is 
colophony. 

Rose Pink—Whiting dyed with a decoction of brazil¬ 
wood and alum. 

Rose Madder—An alumina lake of madder or alizarin, 
of a pale rose color. 

Rottenstone—A friable siliceous stone, the residue of a 
siliceous limestone whose calcareous matter has been re¬ 
moved by the solvent action of water. Also called tripoli 
powder. Used for tine wood finishes. 

Sal Ammoniac—Ammonia and its compounds arc now 
obtained mainly from the ammonia liquors ot gas works. 
Adding hydrochloric acid to the liquid and evaporating the 
solution produces the sal ammoniac of commerce. Quick¬ 
lime and sal ammoniac give chlorid of lime. Used in sol¬ 
dering, etc. 

Sal Soda—Washing soda. Sodium carbonate. Suda 
crystals. Carbonate of soda. 

Salt—Tabic salt. Sal culinarius. Chlorid of soaa. It 
is from this that almost all the other sodium compounds 
arc prepared. 

Sandarac—A resin that exudes from trees growing in 
Africa. Fusible by heat and soluble in alcohol. Used in 
varnishes. 

Saturated Solution—When water has taken up all of a 
solid that it can hold in suspension, as of salt, for instance, 
it is said to be a saturated solution. 

Savogran—A commercial cleanser containing certain al¬ 
kaline substances. 

Shellac—Lac is a resinous suhstancc produced mainly 
from the banyan tree of the East Indies. It is also the 
product of an insect. 

Silver Nitrato—Prepared in the form of small fusible 
stones like crystals, by dissolving silver in aqua fortis or 
nitric acid. 

Soda—Sodium, a metal, silver white, and soft at 
ordinary temperatures. When thrown upon water it floats, 
and rapidly decomposes the water with disengagement of 
hydrogen, soda being formed. The compounds of odium 
are very widely diffused; every particle of dust contains 
some; sea water contains nearly S per cent of sodium 
chlorid or common table salt. Sodium carbonate (see car¬ 
bonate of soda) is made on a large scale from sea salt. 

Soda Ash—Same as carbonate of soda. 

Sodium Chlorid—Common table salt. See salt. 

Sodium Bicarbonate—Bicarbonate of soda. Baking 
soda. Saleratus (aerated salt). Obtained by exposing the 
crystallized carbonate of soda in an atmosphere of carbonic 
acid gas. Heating will convert it again to the carbonate 
form. 

Sodium Nitrate—Used in bluing solutions and other 
means of bluing steel. 

Spermaceti—5cc Wax. 

Spirits of Wine—See Alcohol. 

Stannous Chlorid—Obtained by dissolving tin in hydro¬ 
chloric acid; it separates in needle-shaped crystals, when 
the solution is concentrated. In commerce known as tin 
salts. Used in dyeing as a mordant. 

Stoarir*-—A constituent of many animal and vegetable 
fats and oils. Tallow owes its firmness to the presence of 
stearin. Olein is the liquid or oily part, and stearin the 
solid part of oil or fat. 

Steatite—Soapstone, a variety of talc. 

Stick Lac—-The resin in its natural state; seed lac when 
broken up, cleaned of impurities and washed; shellac when 
it is melted and formed in thin flakes. United with ivory 
black, or vermilion, it makes sealing wax. Dissolved in 
alcohol it makes lacquers and varnishes. 


Sulfate of Copper—Blue vitriol. Bluestone is the com¬ 
mon name, as it comes in large blue crystals. Made by 
dissolving copper oxid in sulfuric, acid. 

Sulfate of Hydrogen—Hydrogen sulfate, known in com¬ 
merce as brown oil of vitriol. Thick oily liquid, combining 
with water with great force, and used in the laboratory as 
a drying agent, as it absorbs moisture rapidly from the air. 
Great heat is evolved when this acid is mixed with water, 
and care must be taken to bring the two together grad¬ 
ually, otherwise an explosive combination may ensue. Many 
organic bodies, such as woody fiber and sugar, arc com¬ 
pletely decomposed and charred by strong sulfuric acid. 

Sulfat* of Soda—Glaubers salts is the commercial term. 

Sulfate of Zinc—Used to color metals, etc. 

Sulfur—A mineral of yellowish color, often called brim¬ 
stone. Soluble in turpentine, fat oils, bisulfuret of carbon, 
and hot liquor of potassa. With oxygen it forms sulfuric 
acid and sulfuret acid, and with the metals it combines as 
sulfurcts or sulfides. It is an essential ingredient in the 
making of black powder. Used in tempering oils for springs 
and sulfur casts. 

Sweet Oil—Oil from the olive. 

Talc—A soft mineral of a soapy feel; usually whitish, 
greenish, or grayish in color. Soapstone and French chalk 
are varieties of talc. Talcum powder is a toilet article com¬ 
posed of powdered talc and a perfume. 

Tannin—Chemically, lannic acid. 

Tartar, Salt of—Potassium carbonate, an especially pure 
form, is made by heating cream of tartar. Cream of tartar 
is purified tartar. Chemically it is acid potassium tartrate, 
or potassium bitartrate. Tartar is the crystalline sediment 
of wine casks. 

Tea—Used to age ivory. 

Tincture—The finer and more soluble parts of a sub¬ 
stance separated by a solvent. 

Tincture of Ferric Chlorid—“Tincture of iron” used in 
bluing solutions. 

Turmeric—A vegetable dye. a yellow, and there may be 
used in its stead, answering the same purpose, Persian 
berries or quercitron bark. 

Turpentine—An olio-resinous substance flowing from 
several species of pine, larch, and fir trees. Oil of turpen¬ 
tine is obtained by distilling the crude turpentine. 

Verdigrie—Copper acetate. A dark green salt, poisonous. 
Obtained by action of acetic acid on copper. Formerly 
used in paint, but besides being poisonous, it was liable to 
fade, blacken, and react with other substances. 

Water Bath—To prevent the overheating or burning of 
a substance that is to be boiled, it is placed in a vessel 
which is placed within a second vessel containing water, and 
the water, upon heating or boiling, heats the first vessel's 
contents sufficiently and without endangering it from over¬ 
heating. 

Water Class—Soluble glass. Silicate of soda. Silicate 
of potash. A substance consisting of silica which has been 
liquefied by extreme heat and pressure, in connection with 
potash or soda, potash giving potassium silicate, and soda 
sodium silicate, the latter being the more generally used by 
painters. It is a sirupy liquid, soluble in water. 

Wax—Beeswax is secreted by the bee, and used in the 
making of the honeycomb. A dull yellow solid wax of 
agreeable odor; melts at 142 to 148 degrees Fahrenheit. Can 
be purified and bleached white, in which condition it is 
tasteless, odorless, and somewhat brittle. Insoluble in water, 
partially soluble in boiling alcohol, and miscible in all pro¬ 
portions with fats and oils (turpentine of course). Used to 
a large extent in finishing oils for stocks, and coating sur¬ 
faces of metals for etching. Carnauba wax is obtained from 
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the Brazil wax. It is yellow in color and brittle. Used in 
making candles. Ceresin wax is an amorphous subsiance. 
the insoluble part of cherry gum. Japan wax is obtained 
from the Japan wax tree, a Japanese sumac. A fragrant 
green wax from the bayberry or wax myrtle is called myrtle 
wax. Paraffin wax—see Paraffin. Spermaceti is a yellow¬ 
ish or white wax, solid, obtained from the oil of the sperm 
whale. 

Whiting—Calcium carbonate. There arc various forms: 
crude, commercial, gilder’s bolted. English cliffstone, Paris 
white, Spanish white. All whitings arc made from chalk, 
but differ in grade or quality, according to amount of 


preparation in the making. 

Woad—A coloring matter from the woad plant, isatis 
tinctoria. resembling indigo, consisting of the powdered and 
fermented leaves of the plant. Its essential constituent, in- 
digotin. is identical with that of indigo, which has largely 
superseded it in dyeing. 

Zinc Chlorid—-Chlorid of zinc. A white soluble deliques¬ 
cent substance formed by burning zinc in chlorid, or by 
dissolving zinc in hydrochloric acid. 

Zinc Sulfato—A soluble salt, crystallizing in long 
prisms, and commonly called white vitriol. 









Note —All page numbers after I in each paragraph will be 
found in Volume /, all after II in Volume II. 


A 

Abbreviations used in weights and measures, II, 223. 

Acetone, for cleaning, I, 44. 

Acids, various kinds used. I, 44; described, II, 411. 

Action, inletting the, I, 123-139; bedding in the stock, 159- 
161; preference for bolt, 219; alterations in Winchester, 
336; in Martini, 337; methods of stripping, 323-329; bolt- 
action rifles, 323; to dismount a bolt, 325-326; to assem¬ 
ble a bolt, 326; disassembling and reassembling a shotgun 
action, 326-329; working on single triggers, 329; on auto¬ 
matic ejectors, 329; definition of, 383, 411; loose, how to 
cure, II, 343; straight-pull in rifles, 396. 

Addresses of dealers in gunsmithing supplies, 1, 419-424. 

Aiming, correct method of, II, 353. 

Alcohol, uses of, I, 44; various kinds described, II, 411. 

Alkanet root, how used, I, 44. 

Almond wood, I, 86. 

Amboyan wood, I, 86. 

Ammonia, uses of, I, 44; in etching, 313. 

Ammunition for small arms, I, 375; cartridge cases, 376- 
385; primer pockets, 377; manufacture of, 366-392; case 
hardness, 393; bullet experimental factors, 394; bullet 
weight, 398; expanding bullets, 398; bullet design, 399; 
National Match bullets, 404; designs of the future, 406; 
best types of, II, 76; high-power, in Hornet cartridge, 
179-188. 

Angle plate, how to make, I, 10. 

Annealing, process of, I, 266; methods of, II, 90-91. 

Antique firearms, restoration of, II, 319-334. 

Anvil, proper size of, I, 10; how to select, 64. 

Apple wood, I, 86. 

Arasake rifle, I, 225. 

Arbor press, use of I, 11. 

Arbors, how to make, I, 11; further details on construction, 
II, 48; making lapping arbors, 52. 

Ash wood, curly, I, 88. 

Automatic arms. I, 378. 

Avoirdupois weight, table of, II, 222. 

B 

Balance, in a rifle, I, 106-109. 

Barium chlorid hath, for steel, II, 90. 

Barrel-cleaning tools, how to make, II, 23-27. 

Barrels, how to bed in the stock, I, 159-161; definition of, 
383, 411; dealers in gun barrels, 419; barrel design and 
fitting, II, 103-116; harreJ steels, 104-106; standard bar¬ 
rel design, 106 - 110 ; turning barrels, 110, 112 ; chambers 
and fitting, 114; rihhed barrels, 115; bullet fit in bar¬ 
rels, 115; rebored barrels, 116; barrel tools and their con¬ 
struction, 119-142; barrel drilling and reaming. 145-153; 
straightening, 148-152; reaming, 152-153 ; rebored barrel, 
162-163; heat-treatment of, 163-164; barrel turning, 
chambering and hcadspacing, 169-176; threading and fit¬ 
ting barrels. 172; barrel steel for Hornet cartridge, 179; 
relining a barrel, 191-194; best method of “striking” and 
polishing, 197-206; draw-filing, 200; draw-finishing with 
emery cloth, 201; power polishing, 201; problems of 


polishing, 203-205; cleaning and removing obstructions 
from, 227-237; bases for swivels on, 263; barrel bands, 
264; collars, 267; making repairs on barrels, 344-346; re¬ 
moving dents from, 346-348; making special ribs for, 
348-351; resoldering ribs, 351; length of in military rifles, 
402. 

Bedd wood, I, 87. 

Beech wood, I, 87. 

Beef wood, I, 86. 

Beeswax, uses of, I, 46. 

Bench, making vour own, I, 9; bench plate, 11; bench 
tops, 11; bench horse, use of, 35. 

Bentcak wood, I, 87. 

Bevel protractor, use of, I, 11; choice of, II, 38. 

Big game, cartridges suitable for, I, 375. 

Birch wood, I, 87. 

Bits, auger, Forstncr, etc., I, 11, 52. 

Blackbean wood, I, 87. 

Blacksmith equipment, I, 261. 

Blackwood, African, I, 87. 

Bluing and browning steel, the art of, II, 209-223; chemicals 
required, 209; formulas for bluing solutions, 211-214; 
formulas for browning solutions, 214-216; miscellaneous 
formulas, 216 - 221 . 

Boat-tailed bullet, advantages of, I, 375, 376, 395, 396. 

Bolt, definition of, I, 383, 411; bolt-action rifles, preference 
for, 219; disassembling, 323; bolt-bending fixture, how¬ 
to make, II, 31. 

Bone-black, how used, I. 46. 

Bore, definition of, I, 383, 411; measuring a. II. 158; clean¬ 
ing and removing obstructions from, 227-237; choke, how¬ 
to make, 338-342. 

Bottoming, tools for, I, 14, 34. 

Braces, choosing, T, 11; gun, how made, 35. 

Brass, how to purchase, I, 42; formulas for etching on, II, 
218-221. 

Brazing, heat required for, 1, 355; brazing cast iron, formula 
for, 359. 

Breech blocks, brushing of, II, 182. 

Brinell hardness table, I, 394; hardness test, II, 99. 

British service rifles, various “marks” described, II, 402-408. 

Bronze, formula for etching of, II, 218. 

Browning solutions, formulas for, II, 214-216. 

Brush, scratch, I, 22. 

Buffing wheel, use of in polishing, I, 174; buffing and 
polishing compositions, II, 202. 

Bullet-drilling fixture, how to make, II, 32; bullet-resizing 
dies, 299; bullet swages. 301. 

Bullets, different types of, I, 375; weight of, 383; bullet 
experimental factors, 394; boat-tailed bullet, 375, 376, 
395, 396; bullet weight, 398; expanding bullets. 398; 
bullet design, 399-400; armor-piercing bullets, 401; in¬ 
cendiary bullets, 402; National Match bullets, 404; de¬ 
signs of the future, 406; fit of in barrels. II, 115; modern 
method of making, 301-303; bullet moulds, various kinds 
of, 307-315; ball cherry, how to use, 307; bullet cherry. 
310; simple form of cherry, 311; bullet moulds, how to 
make. 311-314; material for casting bullets, 314. 

Bunsen burner, use of, I, 11, 63. 


419 



420 


THE MODERN GUNSMITH 


Butt plate, fittinc; the, I, 145; buffalo horn lor. 146; trap 
butt plate, 146; plain steel, 117 checkering the, 189; dies 
for making, II, 66; where best are made, 259. 

Butt stock designs, I, 109. 

c 

Caliber, definition of, I, 383, 412. 

Calipers, inside and outside, I, 11. 

Camphor, how used, I, 4-1. 

Camp Perry, Ohio, meets held at, II. 71. 

Care of firearms, I, 367-371 ; also II, 227-237; cleaning the 
bore, II, 228; cleaning rods, sizes of, 220; use of powder 
solvents and metal-fouling solutions, 230; cleaning the 
neglected rifle bore, 231; cleaning shotgun barrels, 232; 
removing obstructions from the barrel, 233; mercury 
treatment for lead fouling, 234; obstructions in shotgun 
barrels, 235; chamber obstructions, 236; cleaning and re¬ 
pair kits, 236. 

Cartridges, kinds now made, I, 375; case designs, 378; 
primer pockets, 377; cases, manufacture of, 385; factory 
layout, 386; processes and machines used, 387-392; case 
hardness. 393; bullet experimental factors 394; bullet 
weight, 398; expanding bullets, 398; bullet design, 399. 

Cartridge clips, dies for making, II, 65. 

Carving, tools for, I, 14; tools and methods, 190-192. 

Case-hardening, principles of, I, 266; methods of, II, 97-98. 

Cast-off and cast-on, I, 106. 

Casts, sulfur, formula for, I, 345-346. 

Chambering rifle barrels, details of, 11, 172-176; chambering 
the .22 caliber Hornet, 134-188. 

Chambers, fitting in rifles, II, 114; lapping out, 247; re¬ 
moving obstructions from, 236; in over-and-under guns, 
374. 

Charcoal, uses of, I, 46. 

Checkering, making tools for, I, II; stand and cradle for, 
29-31; tools for, 31; cradle, how to make, II, 21-23. 

Checkering, carving, and inlays, directions for, I, 170-197; 
frame or cradle for checkering, 184; checkering forearm 
and grip, 186; border design, 187; checkering metal parts, 
281. 

Cheek pieces, desirability of, I, 110. 

Chemicals and other substances used by the gunsmith, II, 
411-416. 

Cherry, used to make bullet moulds, II, 307-315. 

Cherry wood, I, 87, 88. 

Chisels, various kinds of, I, 13-14; how to make, 33-34; 
how to use, 40-50. 

Clamps, most useful kinds of, I, 14; how to make, 37. 

Cleaning fouled barrels, II, 227-237; cleaning-rods, sizes 
of, 228; solutions for, 230; pitted rifle bores, 231; clean¬ 
ing shotgun barrels, 232; removing obstructions, 233-237. 

Clip, definition of, I, 383. 

Clip hand guard, dies for making, II, 63. 

Cocobolo wood, I, 88. 

Colors or dyes, where they come from, I, 350-351. 

Colt revolver, I, 266, 271, 275, 277, 278, 2 79. 280, 281, 283, 
287, 205, 206. 

Comb, difficulty of design, I, 111; how to insert, 203; Monte 
Carlo effect. 204. 

Copper, uses of. I, 42. 

Coppering solutions, formulas for, II, 218. 

Countcrborcs, how to make, I, 21; further derails. II, 44-45; 
making barrel counterbores, 142. 

Countersinks, kinds used, I, 14. 

Craftsmanship, appraisal of, II, 371-378. 

Crocus cloth, use of, I, 43. 

Crossman, Captain, The Book of the Springfield, I. 246. 

Cube block, how to make, II. 38-40. 


Cutters, fishtail, how to make. II, 45; angle and T-slot, 46; 
formed and fly cutters, 48; rifling cutters, 161. 

Cyanid bath, for steel, II, 90; for blue mottled color, 217. 

D 

Dealers in gunsmithing supplies, I, 419-424. 

Dents, removal from stocks, I, 210; from barrels, II, 346. 

Designs for engraving gun parts, II, 359-368. 

Dies, sizes for beginners, I, 15; threading, how to make, II, 
44; making dies of other kinds, 57-63; hardening, 61; 
tempering, 62; forming dies, 62-66; correcting mistakes 
in, 66; for resizing cartridge cases, 299-301. 

Director of Civilian Marksmanship, I, 129, 303. 

Directory, addresses of dealers in gunsmithing supplies, I, 
419-424. 

Dividers, for laying-out work, I, 15. 

Dragon’s blood, superseded by analins, I, 45. 

Draw-filing, methods of, II, 200; draw-finishing with emery 
cloth, 201. 

Drawings, mechanical, how to read, I, 69-73; how to make, 
71-73. 

Draw-knife, I, 15, 50. 

Drilling barrels. II, 145-153. 

Drills, sizes needed, I, 15; how to use, 52-54; drills for 
making barrels. II, 120-132. 

Drill jigs, how to make, II, 49. 

Drill press, best makes of. I, 15; how to use, 54-55; center¬ 
ing device for, 128; a home-made drill press, 350; choice 
of drill presses, II. 8. 

Dyes, where they come from, I, 350-351. 

E 

Ebony, African, I, 88. 

Ejectors, automatic, I, 329. 

Emery, kinds needed, T. 43; emery cake, cloth, and paper, 
43, 64; use of in draw-finishing barrels, II, 201; grain 
numbers of, 202 . 

Enfield rifle, I, 223, 224; Lee-Enfield, description of, II, 
402-408. 

Engraving metal work, I, 307-319; beautiful examples of, 
308, 309; essential tools for, 311-315; use of matting 
tools. 315; damaskeening. 318; engraved receivers. 318; 
the art of engraving for gunmakers, II, 359-368; tools 
used, 359-361; methods of etching, 362-366. 

Etching and engraving, tools for, I, 307; use of the scraper, 
309; of burnisher and graver, 310; acids and mordants 
used, 310; bottles for aids, 312; trays for aids, 313; am¬ 
monia, how used, 313; stopping-out varnishes, 313; what 
to do with screw heads, 314; use of matting tools, 315; 
damaskeening, 317; engraved receivers, 318; the art of 
etching for gunmakers, II, 362-366. 

Extractors, for Hornet barrel, II, 183. 

Eyes, use of both in aiming, II, 353. 

F 

Felt, to line visc-javv blocks, I, 43. 

Fiber, kinds needed. I, 43. 

Field repair kits and devices. I. 367-371. 

Files, classes and uses of. I, 16; brushes for cleaning, 17; 
handles for, 16; many uses for, 55-56. 

Finish, final, T, 165, 256. 

Firearms, antique, how to restore, II, 319-334; restoring 
old rifle harrels, 322; rifling a muzzle-loader, 324; recon¬ 
ditioning the locks. 236; the furniture. 327; fore-end tips, 
320; nipples, 330; forming decorative metals, 330; ram¬ 
rods. 330; stocks, 331; antique finish for stocks, 332; 
what to do with ancient arms, 382; where to get flints 
for flintlocks. 332; how to make black powder, 334. 
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Firing pins, correct form of, II, 182. 

Flintlock, a picturesque reminder, II, 332-334. 

Fluxes, uses of, I, 62. 

Fooling with firearms, I, 369. 

Forearms, best wood for, I, 111; reshaping, 20S; repairing 
when loose, TT, 352. 

Fore-end, shaping the, I, 156; checkering the, 186; finishing 
the, 205, 208; restoring on old guns, II, 329. 

Forge, how to select and use, I, 64; a home-made, 261; 
fuels for, 262 . 

Formulas, for linseed oil, I, 168-171; for wood stains, 173- 
174; for etching varnish, 313; for oils, solvents, and foul¬ 
ing solutions, 341-351 ; for bluing solutions, II, 211-214; 
for browning solutions, 214-216; miscellaneous, 216-221; 
for antique finish for stocks, 332; for making black pow¬ 
der, 334. 

French army rifle, description of, II, 391-394. 

French polish, how to obtain, I, 171. 

Friction, laws of, I, 255. 

Furnace, electric or gas, I, 17. 

G 

Gauges, for drills and wire, I, 15; for raaiking, depth, etc., 
17; center, how to make, II, 40; making *>thcr kinds of, 
51; barrel gauges, construction of, 139-142. 

Gcrlich, Mr. H., I, 160. 

Glossary of shop terms used by gun makers, I, 411-415; of 
chemicals and substances used in gun making, II, 411-416. 

Glue, how to heat, I, 15; how to apply, 43; best methods 
with, 347. 

Gouges, how to make, I, 13, 34. 

Gravers, how to use, II, 359-362. 

Grease for guns, formula for, I, 342. 

Grinder, bench, choosing a, I, 11; motor grinders, choice of. 
32; how to operate, 56-58; choice of grinding wheels, 
57; cylindrical, surface and internal grinders, II, 8; types 
of grinding machines, 15; selection of grinding wheels, 
17. 

Grip, hand and pistol, I, 113; checkering the, 18o; pistol 
grip for rifle, 203-204. 

Gun, how to handle with safety, I, 369. 

Gun-mctal finish, formula for, II, 217. 

Gun parts, special, and their construction, II, 251-270; 
front-sight ramps, 251; sight covers, 254; front-sight 
fastenings, 255-257; pistol-grip caps, 257-259; butt plates, 
259-260; palm rest, 270; rear-sight bases, 261; barrel 
swivel bases, 263; barrel bands, 264; swivel screws and 
bows, 265; barrel collars, 267; telescope mounts, 268; 
telescope blocks, 268; shields and ovals, 270; gun slings, 
270. 

H 

Hammers, kinds needed, I, 17; adjustment of, 293-303. 

Hand forging and heat treatment, I, 261-268; blacksmith 
equipment, 261 ; welding, 262; hardening and tempering, 
264; case-hardening, 266. 

Hardening steel, Brincll tests, I, 394; more about same 
tests, TT, 09; methods of, 91-95; further methods, 95-106. 

Headspace, rimless, definition of, I, 383; importance of, 
II, 174-176. 

Heat-treatment, equipment for, I, 261; welding, 262; hard¬ 
ening and tempering, 264; nil tempering baths, 265; lead 
bath, 266; how to anneal steel, 266; how* to blue steel, 
266; case-hardening, 266; heat-treatment of barrels, II, 
163-164; for bluing steel, 216. 

Heel plates, British term for butt plates, II. 259. 

Holder for rifle, how to make, II, 27; rifle machinc-rcst, 
types of, 28; how to construct, 28-30; for telescope, 31. 

Holly wood, I, 88. 


Horn, buffalo, uses of, I, 43. 

Hornet cartridge, conversion of rifles for, II, 179-188; bar¬ 
rel must be of ordnance steel, 179; alteration on tangs 
necessary, 181 ; hushing breech blocks, 182 ; firing pins 
for, 1S2; extractors for, 183; chambering the .22 caliber 
Hornet rifle, 184-188. 

Howe VVhelen sight, II, 286, 287. 

i 

Ignition, problems of, I, 334. 

Information, mathematical, I, 351. 

Inlays, shields and ovals, I, 192-197. 

Iron, how to test, I, 266, 349. 

Iron and steel, principles of, II, 81-85. 

Ivory, uses of, I, 46. 

I 

Japanese Yen 38th model rifle, II, 387. 

Jigs, drill, how to make, II, 49. 

K 

Knurling tool, how to make, II, 52. 

Kornbrath, Rudolph J., artist in etching, I, 314; master of 
gun engraving, II, 359. 

Krag rifle, refitting a, I, 130-131; changing service stock, 
202-20S. 

Krag-Jorgensen rifle, description of, II, 394. 

L 

Lacquer, better than varnish, I, 45; for metal, 46; for 
stocks, 173. 

Ladle, for melting lead, I, 17. 

Laminated woods, for gun stocks, I, 213-216. 

Lamp, alcohol, I, 9, 63. 

Lands, definition of, I, 383, 413. 

Lapping, I, 58-60; materials for, II, 52; details of the 
process, 164-166; lapping barrels and polishing shotgun 
bores, 241-248; measuring the bores, 241-243; casting the 
lead lap, 243; use of emery, 244; lapping shotgun barrels, 
245; lapping out choke for pattern, 247; lapping cham¬ 
bers, 247. 

Lathes, motor-driven, I, 17; bench and speed, II, 7. 9; 
types of, 11; tools for, 11; position of tools, 12 ; pre¬ 
cision bench, 50. 

Laying out work, details of, II, 49. 

Lead, uses of, I, 42; for hardening steel. II, 90. 

Lebel rifle, description of. II, 391-394. 

Lecd, definition of, I, 383. 

Lee-Enfield rifle, description of, II. 402-408. 

Linseed oil, best kinds of, I. 45; formulas for use of, 
168-171. 

Locks, speeding up, I, 302; how to repair, II, 338; de¬ 
tachable. 373. 

Logwood, now rarely used. I, 45. 

Lubricants, miscellaneous, I, 342. 

Lyman 48 sight, I, 239, 250; made of ivory, 11, 345. 

M 

Machinery, power, and general tool equipment, II, 7. 

Machine tool?, selection of, II, 10. 

Magazine, inlctting the, I, 123-126. 

Magnifying glass, how to make, I, 18. 

Mahogany, use of, I, 88. 

Mallets, rawhide and wood, I, 17. 

Mandrels, how to make. II, 48. 

Mannlicher rifle, restocking a, I. 136; modernizing, 22 1, 225; 
description of in detail, II. 388; straight-pull. 396. 
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Mannlichcr-Carcano rifle, description of, II, 386. 

Maple wood, I, 89. 

Martini action, alterations on. I, 337. 

Matting tools., use of, I, 17; matting vs. checkering, I, 190. 

Mauser rifle, restocking a, I, 136; modernizing, 221. 22.S; 
description of, II, 383-38S. 

Mechanical definitions and phrases, I, 411-415. 

Medford method of rifling. 11, 157. 

Mercury, how used, I, 44; mercury treatment for lead 
fouling, II, 234. 

Metal-fouling solution, formula for. T, 344. 

Metals used in gunmaking. 1, 41-42. 

Micrometers, essential in gun work, T, 17; how to use, 65; 
kinds needed. 11, 38. 

Military small arms, modernizing, I, 219-227; review of, 
II, 381-408; Mauser rifles, 383-385; Springfield, 385-386; 
Mannlichcr-Carcano, 386; Japanese, 387; Mannlicher 
rifles, 388; Lcbcl rifles, 391; Krag-Jorgensen, 394; Nagant 
rifles, 395; slraighl-pull action rifles. 306; straight-pull 
Mannlicher, 396; the Schmidt-Rubin, 39S; the Ross, 401; 
lengths of different barrels, 402; British service rifle. Lee- 
Eniicld, etc., 402 408. 

Milling machine, choice of, IT, 10; how used, 13; milling 
sight bases, 11, 170-172. 

Mills, hollow, how to make, TT, 47. 

Miter box, how to make, I, IS. 

Monograms, examples of, II, 366. 

Monte Carlo effect, 1, 201-205. 

Muzzle, removing a rusted. I, 333; lapping an old, 334. 

Myrtle wood, 1, 89. 

N 

Nagant rifle, good for amateur work, I, 222; description of, 
II, 395. 

National Rifle Association, I. 219. 

O 

Oak, not suitable for gun work, I, 89. 

Obstructions in barrels, removal of. II, 233, 235. 

Oil, cans for, I, IV: lubricating and preservative, 45; oil 
finishes, best materials for, 166; oiling the action, 327; 
best oil for guns, 541; miscellaneous lubricants, 342; how 
to test, 343; brown or thickened, 343. 

Oilstones, various kinds of, I, 18; how to use. 65; care of, 
66 . 

Oil tubing, use of. II, 132-136. 

Osage orange wood, I, 89. 

Ovcr-and-undcr guns, advantages of, II, 372. 

Oxy-acctvlcne torch, use of, I. 360; cutting metals with, 
362-363; high and low pressure torches, 363. 

P 

Pack-hardening, method of. II, 98. 

Paduka wood, I, 89. 

Palm rest, how to make. II, 260. 

Pans, use of, I, 19. 

Parallels, how to make, I, 19. 

Parker Brothers, examples of their work analyzed. II, 371- 
378. 

Patches and insertions, ideas on, I, 207. 

Patterns, how to make, I, 346; patterns with shotgun 
charges, II. 354. 

Persimmon wood. I. 90. 

Phrases and technical terms, glossary of, I, 411-415. 

Pistols, repairing, I, 271-289: single-shot, 285; automatic, 
280. 288. 

Pistol-grip caps, dies for making, II, 66; construction of, 
257. 


Planes, wood-working, I. 20; how to use, 50. 

Plates, angle, I, 10; dowel, 19; lapping and oilstone, 20. 

Plum wood. I, 90. 

Polishing wheels, kinds needed, I. 21: methods of polishing 
barrels, II, 197-206; problems of polishing, 203; polishing 
bolts and other parts, 204; rules for polishing, 205. 

Pope, Harry, noted barrel maker, II, 3. 

Potassium, uses of, I, 44. 

Powder solvent, formula for, I, 343-344. 

Power for machine took. II, 7. 

Pressure pads, dies for making, II, 65. 

Prussian blue, use of, I, 46. 

Pumice powder, use of, I, 45. 

Punches, various kinds of, I, 20; how to make for dies, II, 
60; punch troubles, 67. 

Pyrometers, use of, II, 89-90. 

Q 

Quenching baths, kinds of, for steel, II, 93; tanks used 
for, 03. 

R 

Ramps, front sight, how to make. II, 251. 

Ramrods, for antique firearms, II, 329, 330. 

Rasps, how to use, I, 51. 

Reamers, how to make, I, 18; various kinds of, 21; how 
to use, oO; further details on making, II, 110-120; ream¬ 
ing barrels, 152-153. 

Receiver, definition of, I, 383. 

Recoil pads, rubber, I, 145; objections to, 202. 

Rcfinishing stocks, I, 207. 

Rclining rifle barrels, II, 191-194. 

Remington rifle, I, 222, 223. 

Repair kits, items for the, I, 333-338; II, 236-237. 

Repairs, how to make, I, 333-338; field kit for, 367; for 
broken stocks, 367; for actions, 368; for dems in shotgun 
barrels, 368; for bolt-action rifles, 368; for sights, 368; 
obstructions in barrels, 369; an emergency vise, 370; 
cleaning and removing obstructions from barrels, JI, 
227-237; repairs on shotguns. 337-355. 

Replacement of small working parts, I, 255-258. 

Revolver and pistol repairs, I. 271-289; making new grips, 
272; improving the sights, 274; fitting new barrels, 276; 
replacement of parts, 278; causes of misfire, 279; checker¬ 
ing metal parts, 281 ; rcfinishing, 282 ; hammer altera¬ 
tions, 282; changing cylinders. 283; odd alterations, 283; 
relining barrels, 285; single-shot pistols, 285; how to 
select a good revolver, 287; how to test an automatic, 
288. 

Ribs, for single barrels, II. 348; how to resolder, 351. 

Richards, Westlcy, examples of his work analyzed, II. 371- 
378. 

Rifle, making a holder for, I, 36; accuracy in a, 380; factors 
in rifle shooting, 383; how to choose a, II, 72-75 ; barrel 
design and fitting, 105-116; reboring various makes of, 
116; heads for boring, 136-139; rclining the barrel, 191- 
104; final finishing, 193-104; military rifles, various types 
described, 381-408. 

Rifling heads, how to make and use, II, 136-139; require 
patience and skill. 161; rifling barrels, 157-166. 

Rigby method of rifling, II, 157. 

Rosewood, I. 90. 

Ross rifle. I. 225; description of, II, 401. 

Rottenstone, use of. I. 43; rubbing pads for, 167. 

Rouge, ferric acid, finest of abrasives, I, 46. 

Rules, graduated, use of. I. 22. 

Russian army rifle, description of, II, 395. 
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S 

Safety with firearm?, fourteen rules for, I, 77-78; chief 
causes of danger, 78-80; more rules for, 369-370. 

Sanding drums, where to get, I, IS. 

Sandpaper, kinds needed, I. 43; how to use, 66. 

Salince wood, I, 90. 

Savage rifle, I, 225. 

Saws, various kinds of, I, 22; how to use, 51. 

Seales, weighing, where to get, I, 24. 

Schmidl-Rubin rifle, description of, II, 398. 

Screw-drivers, making your own, T, 22 ; best kinds of, 34-35; 
bow to use, 61. 

Screw-head polishing fixtures, TI, 30. 

Screw machine, selection of, II, 10. 

Screws, machine, I, 42; wood. 43; positions of screws in 
Springfield rifle, 337; loose wood screws, 349. 

Scribers, making from dental burrs, I. 22. 

Sea Girt, New Jersey, meets held at, II, 71. 

Shapers and planers, choice of, II, 9; how used, 13. 

Shellac, diminishing use of. I, 45; gunmaker’s, 341; shellac 
varnish, 348. 

Shields and ovals, construction of, 11, 270. 

Shooting, correct method of, I, 221; II, 353. 

Shop terms used bv gunmakers, glossary' of, I. 411-415. 

Shotguns, stock designs for. I, 116; inlelling action of. 131; 
choosing wood for, 131; modeling the stock, 152-154; 
removing obstructions from barrels, II. 235; tables of 
gauges of, 245 ; lapping out choke tor pattern. 247; how¬ 
to repair. 537-355; repairing the lock. 338; choke-boring. 
338; chambering, 339-342; mending loose actions. 343; 
working on the barrel, 344-346; removing dents, 346; 
special ribs on single barrels, 318; resoldering ribs, 351; 
repairing loose forearms, 352 ; broken parts and renewals, 
352; correct method of shooting, 354. 

Sight bases, how to mill, TI, 170-172. 

Sight cover, dies for making, 11, 61. 

Sighting equipment, fitting the, I, 231-251. 

Sights, changing on military rifle, 1, 220, 222; fitting. 231- 
251; telescope, 231; open, 232; aperture, 232; barrel and 
tang, 234; peep, 235; fitting front and rear, 236-238; re¬ 
ceiver sights, 235; Lyman 48 t>pc. 259, 250; drilling and 
tapping for bases. 240; cocking-picce sights, 241; fitting 
telescope base blocks, 244; sighting in, 248; hunting 
telescope mounts, 251; principles governing sights, 383; 
optical, 353; standard telescope, 384; dies for making 
removable sights, II, 64; telescope and metallic. 76-78; 
ramps for, 351; covers for, 254; fastenings for, 255; bases 
for, 261; telescope blocks and mounts, 268 ; manufacture 
of sights, 273-287; rear open sights, 275 ; aperture and 
open sights. 278; front sights. 278-2X0; aperture front 
sights, 280-283; bolt-sleeve .sights, 283-286; Ilowc-Whclen 
sight, how assembled, 286; sight-setting gauge. 287; how¬ 
to repair sights, 345. 

Silvering, formula for, II, 220. 

Sine bar, how to make, II, 53. 

Single-shot action stocks. I, 115. 

Small arms, experimental factors governing, I, 375, 407; 
military small arms, review ol, II, 381-408. 

Slings, for guns, IT, 270. 

Smith & Wesson revolver, I, 271, 274, 275. 277, 283, 286, 
288, 295, 206. 

Snap shooting, how to become proficient in, I, 370. 

Solder, composition of, I. 42; soldering silts. 43. 

Soldering, with electric iron, I, 16, best methods of. 61-62; 
soldering, brazing, and welding. 355-363; solder fluxes, 
355 ; soft solders. 356; hard soldering, 357; sweating, 357; 
fluxes and alloys, 357; silver solder, 358. 

Spoke-shave, use of. I, 20, 51. 


Spring making, principles of. II, 291-295; analysis of proper 
spring steel. 291; proper methods of iorging, 291-292; 
hardening and tempering, 292; helical springs, 293; spring 
winding tools, 294; using steel from an old automobile 
spring, 295. 

Springfield rifle, restocking a, I, 123-130; “Sporter” model, 
201; changing service stock, 202-205; modernizing, 219- 
225 ; adjusting trigger pull, 297; speeding up lock time 
on, 3C3; engraving the metal work on, 319; disassembling 
a, 323; .22 caliber bolt stop, 337; where to find descrip¬ 
tion of, II, 385. 

Spring-winding tool, how to make, I, 24. 

Squares, various kinds of, I. 24; die-maker's, II, 40. 

Stains used for wood, J, 166, 172; where they come from, 
350-351. 

Stance, correct, in shooting, II, 353. 

Steel. letters aud figures on, I, 24; tool steel, definition of, 
41; cold-drawn, sizes required, 41; drill rod, sizes used, 
42; spring, 42; tubing. 42; wool, 43; how to weld, 263; 
how to temper, 2o4; how to anneal, 266; how to test, 
266; case-hardening of, 266-268; checkering, 281; new 
tests for, 340; a glance at the various kinds of steel, II, 
41-42; principles of, 81-85; carbon steels, 82; nickel 
steels,S2; nickel chromium steels, S3; chromium-vanadium 
steels, 84; molybdenum steels, 84; screw-stock steel, 84; 
crucible or tool steel, 85; heat-treatment of steel, 80-09; 
furnaces for heating. 8°; how- to anneal, 90-91; harden¬ 
ing, critical temperatures, 91-95; tempering, 97; case- 
hardening, 97; pack-hardening, 98; testing hardness oi 
99; steel for barrels, 104-106; stainless, 100. 

Stevens single-shot rifle, restocking a, I, 213. 

Stinkw’ood, African, I, 89. 

Stock, choosing the wood for, I, 83-97; designing anti mak¬ 
ing, 101-119; fitting it to the customer, 102; estimating 
length of, 103; stock nomenclature, 104-106; cast-off and 
cast-on, 108 ; butt stock design, 109; cheek pieces, 110 ; 
comb design. Ill; forearms, 111; grips, hand and pistol. 
113-115; single-shot action stocks, 115; shotgun stock de¬ 
signs, 116; abnormal stocks, 117; laying out the, 123; 
selecting wood for, 123; fitting action into, 125-139; 
modeling and shaping the, 143-156; boring and roughing 
out. 149-151; giving final finish to, 165-176; surgery for, 
201-210; making it fit your build, II, 75; darkening, 
on antique arms, 331. 

Stop pins, on dies, II, 67. 

Straight-edge, how' to make, I, 22; knife-edged, TT, 40. 

Straightening barrels. II. 148-152. 

Striking barrels and polishing gun parts, II, 107-206; defini¬ 
tion of “striking/* 197. 

Sulfur, uses of. I, 44; sulfur casts, formula for, 345-346. 

Swages, for making bullets. II, 301-303. 

Swiss army rifle, description of. II, 398-401. 

Swivel bases on rifle barrels, II, 263; swivel screws and 
bows, 265. 

T 

Tangs, alteration of, for Hornet rifle, II, 181. 

Taps, bow to make, II, 42-44; how to harden, 44; taps 
and tapping. 62-63. 

Telescope sights, I, 231, 384; TT, 76-78; telescope holder, 
how to make, II. 31; telescope mounts and blocks, 268. 

Tempering, by the color method, TI. 95; use of oil for, 95. 

Templets, when and how to make, I. 24. 

Test indicator, best to buy, II. 40. 

Threading dies, how to make. II, 44. 

Tongs and tweezers, sizes needed, I. 24. 

Tool holder, use of, I, 36; adjustable, how to make, II, 23: 
boring tool holder. 52. 
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Tools, descriptive list of, I, 9-25; use of, 49-06; glossary 
of names, 411-415; dealers in, 419; general equipment, 
II, 7-19; special tools for gunshop, 21-33; for barrel 
cleaning, 23; methods of making fools. 37 53; most neces¬ 
sary tools, 37; standard t>j>es. 42; how to make forming 
tools, 47; bench lathe knurling tool, 52; boring-tool 
holder, 52. 

Tool steel, defined, I, 41. 

Trigger, nechanism of, I, 293; adjusting the pull. 221; 
problems of the, 293-295; minimum pull on revolvers, 
295; un automatics, 296; holt-action pulls. 296; set trig¬ 
gers, 299; shotgun triggers. 500. 301; speeding up lock 
time, 302; single, advantages of, II. 374. 

Troy weight, tabic of, II, 222. 

Tubing, oil, II, 132-136. 

Turning, tools used in, I, 63. 

Tweezers, sizes needed, I, 24. 

u 

Umber, raw and burnt, for wood staining, I. 45. 

Utility electric motor, 1, 24. 

V 

Varnish, kinds for gun work, 1, 45; remover, 46; use of, in 
etching, 313; varnish not best for stocks, 173; how to 
remove, 174; varnish for gun-lock, formula for, II. 221. 

V-blocks, where to get, I, 24; how to make, II, 38. 

Violin varnish finish, 1, 172. 

Vises, kinds needed, I, 24; false jaws for, 25, 37; vise 
blocks, 37; vise clamping, when polishing barrels, II, 205. 


w 

Walnut, use of for gun stocks, I. 90-93. 

Water, distilled, use of, I, 46. 

Weight, tables of. II. 222. 

Welding, principles of, I, 262; autogenous, 359; equipment 
for, 360; oxy-acetylene torch, 360; making welds, 361; 
pre-heating, 361; welding steel, also brass, 362. 

Whelen, Colonel Townsend, on bedding barrels and actions, 
I, 159-161; on lever action, 326. 

Whims and fancies in firearms, II. 71-78. 

Winchester rifle, alterations on single-shot action, I, 336. 

Witzel, Dr. E. J., workshop of, I, 223. 

Woods for stocks, where to procure, I, 46; selection of, 
83-97; how to handle seasoned blanks, 94-95; prices of 
blanks, 97; stains for, 172-174; laminated, 213-216; 
seasoning of. 213; end-checking of, 216; steaming for 
bending, 348. 

Wood-working tools, choice of, II, 10; best makes of, 17. 

Woody, Captain G. A., on chambering the .22 caliber Hornet 
rifle, II, 184-188; on bullet resizing dies, 290-303. 

Workbench, how to make, I, 9. 

Working parts, replacement of. I, 255-258. 

Workshop, locating and equipping, I, 9. 

Wrenches, kinds needed. I, 25. 

Y 

Yen 38th model rifle, description of, II, 387. 

Yew, British, use of. I, 94. 
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PREFACE 


A S THIS two-volume work on gunsmithing has been extensively used by all lovers of firearms in our 
country and in several foreign countries, and has, in its entire circulation, exceeded three editions, 
the author and the publisher have felt it their moral obligation, in return for such distinguished interest, 
to use their best endeavors to render the work as complete as possible for those in whose behalf it was 
primarily designed. With this in view, much of the work has been revised in the large books, and this 
supplement is now added as an incorporated part, bringing the subject more fully up to the present ad¬ 
vanced state of the art of gunsmithing and gunmaking than has been done in any similar book in this 
country' or abroad. 

The present supplement contains a number of new chapters on phases of the subjects which the 
progressive state of firearms development has rendered permanent since the first great European war. 
Among these are various aspects of practical metallurgy, notably in the art of increasing velocities, in 
the ability to ream gun barrels with greater precision and without injury to the metal surrounding the 
bore, in producing the most ideal finishes to metal and wood, in handling the new automatic military' 
weapons, and in gauging the wind in testing small arms. High velocity is a subject but little understood. 
This is true not only of the average sportsman but also of military engineers; yet the subject is one of 
so much importance to all nations in wartime and to all riflemen who wish to secure greater range and 
killing power in their weapons, that we have greatly enlarged this chapter. The new chapter, also, on 
“Gun Barrels, Their Steels, and a Safety Analysis” has been prepared with greater care than usual and 
will, it is hoped, give the sportsman and target shooter a clear and intelligent understanding of the strains 
and stresses to be found in all gun-barrel steels, and of their proper treatment at the hands of the ex¬ 
perienced rifleman and gunmaker. 

We have aimed here, as in the main volumes, to furnish a full view of the most useful gunsmithing 
knowledge and its most important practical applications; but we have sought to avoid the error that 
mars loo many of the attempts to render our art easy of comprehension—that of setting forth nothing 
but what is so barren and superficial as to be of little service to either the professional gunmaker or the 
learner. Addressing ourselves to the more advanced technical field of gunmaking, and keeping con¬ 
stantly in view the practical applications as well as the modern improvements, wc have been careful to 
give to each additional chapter a space proportional to its value in relation to its objective. To render 
difficult gunmaking plain and intelligible to the young shooter of military age, and to enrich his mind 
with such knowledge as may at once inspire a love and a habit of using small arms on the rifle and pistol 
range, has been the author’s aim; it has been his desire also to furnish practical suggestions to many who 
are dissatisfied with themselves and with the weapons they are continually firing, and who lack the es¬ 
sential knowledge that would make them perform efficiently and thus enable them to secure higher scores 
—or promotion in the ranks. 

Besides the men who are about to be pressed into military service, we have had constantly in view 
two other classes of readers- first, gunsmiths who must be trained and educated in the service and who 
may desire to continue the study of gunsmithing as a means of livelihood after their honorable discharge; 
and, secondly, practical target shooters and sportsmen, who consult a work of this class for principles 
which they can employ in judging all weapons that they own or expect to purchase. In conclusion, we 
truly believe that the present supplement, although of small dimensions, will be found to contain an un¬ 
usual amount of such information as is required by the ballistic engineer and the gun mechanic, and 
that the two-volume work and this supplement together deserve, therefore, a place in all their libraries. 

J. V. Howe 

Wayne Oak Plantation, Virginia , 

January 10, 1911 
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CHAPTER I 

Some Matters of Major Importance 

-•- 


T HE spectacle of destruction furnished by Eu¬ 
rope’s dictators, with their threat of death to 
all who may oppose their dictatorial power, has af¬ 
fected the peace of our own nation, compelling us 
to prepare for action in the event that their designs 
may reach to the Western Hemisphere, which we 
must defend; and to defend it we shall require thou¬ 
sands of technical and mechanical experts similar 
to those which The Modern Gunsmith has produced 
since its publication in 1934. 

The Modern Gunsmith, it is true, has inspired 
hundreds of sportsmen to become successful gun- 
makers and gunsmiths, and these can give a good 
account of themselves when called upon to do so; 
but how can we secure the thousands of mechani¬ 
cally minded men which we now require in keeping 
a large mechanized army in the field? What means 
shall we employ to find the mechanical geniuses 
who can be used in our large munition plants, or 
how shall we produce the necessary number of gun- 
makers, gunsmiths, tool- and die-makers, machin¬ 
ists, and men to handle or repair aircraft engines 
and instruments, in order that a large army and 
navy may be kept in operation? 

The first answer to these questions, of course, is 
that we always have to find our men of mechanical 
ambitions, not to make them; we cannot manufac¬ 
ture them, any more than we can manufacture the 
iron ore of w'hich all weapons of war are made. But 
it is possible to find both the right ore and the right 
men, and to educate these men. A certain number 
of mechanically minded infants are born annually 
in every country, greater or less according to the 
nature and advancement of the nation; but only a 
fixed number annually, not increasable to any great 
extent. Without a doubt it is possible to find two 
or three Edisons at this moment in some of our in¬ 
dustrial centers or in government employment; but 
we are not using their particular talents in war in¬ 
dustries, where they could do the most good; in¬ 
deed, we may only be oppressing and destroying 
their ambitious spirits. And the mechanical gift 


usually is not combined with other talents; your 
born gunmaker, if you do not make a gunmaker 
of him, will never become a successful doctor or 
chemist; and the special gifts of such a man are 
seldom detected by the heads of the average indus¬ 
trial organization. They fail to recognize the fact 
that variety, not specialization, develops the hu¬ 
man brain. . 

Through variety we create a certain degree of in¬ 
telligence, which we can make use of only by set¬ 
ting it at its proper work; if any attempt is made 
to use it otherwise, the result is the dead loss of so 
much human energy. 

Now that we arc in urgent need of such men, how 
are they to be discovered? Easily enough I To de¬ 
sire to employ them, is to discover them. The 
needs of the War Department today are for me¬ 
chanics—gunmakers, tool-makers, and instrument- 
makers in every important government arsenal, 
aircraft engine factory, navy yard, and in indus¬ 
tries that are working on war orders and cannot 
find men of such talents; therefore they must train 
men who are able to fit in where they can accom¬ 
plish the most good. Many who have studied The 
Modern Gunsmith, namely, sportsmen, shooters in 
general, and gun hobbyists who have used this book 
in their home workshop—farmers’ sons, salesmen, 
clerks, and ambitious apartment-house dwellers 
whom the urge to use tools has made mechanically 
minded, and others in all walks of life—would 
make excellent apprentices to supply the great de¬ 
mand for mechanics. To complete the education of 
such men, schools are urgently needed; but these 
schools must not be entirely regulated by formal 
political laws, nor should the teachers be selected 
from the rank and file of manual-training instruc¬ 
tors. Not only should these teachers be finished 
masters in their particular fields; they should also 
be able to find out what their pupils are adapted 
for in the field of mechanics. 

After passing through the school he has selected, 
the student must be given secure employment. 
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This is a matter of chief importance, for even un¬ 
der the present apprentice system the young men 
who have real mechanical ability generally make 
mechanics of themselves, whether in the field of 
gunmaking or in similar industries. 

Having provided these young men with the right 
kind of school and the proper employment, and 
having encouraged them with judicious praise, 
one thing more remains to be done for them in or¬ 
der to prepare them for complete success in the 
work they have chosen; namely, to make, in the 
complete sense, gentlemen of them; that is to say, 
to take care that their minds receive such training 
that in everything they undertake, whether upon 
weapons, aircraft engines or a locomotive, they shall 
see and feel that they are putting forth their best 
efforts, and are treating the work they do in the 
most gentle and human manner. Unfortunately, in 
the education of the average mechanic, the calm 
and gentle part of his being has been the most neg¬ 
lected. Too frequently one may perceive some 
jarring defect in his nature, some element of deg¬ 
radation in his treatment of machine tonls and fine 
precision instruments, owing to the want of a more 
gentle training and the liberal inlluence of the right 
kind of hooks. 

There are many other points of nearly as much 
importance as this, which must be brought to light 
with reference to the development of genius in the 
inventive field. We must look for these men in the 
various mechanical trades. Many of them may not 
possess the rank of genius, but they are men who 
are ready and willing to develop their creative tal¬ 
ents to higher purposes, especially that of producing 
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more efficient weapons for our own defense. Me¬ 
chanical geniuses, interesting as they are when 
discovered, should be placed in key positions, espe¬ 
cially where weapons and tools are in need of im¬ 
provement. But mechanical genuises are born, not 
made, even by our best technical instructors. Teach 
as much as we can, yes; but we must first teach 
the same thing to all: how to make correct observa¬ 
tions of all things mechanical, and more especially 
of sight impressions. 

A very difficult subject to teach, this, perhaps, 
for it must be combined with the proper brand of 
inventive imagination, the most important element 
in the whole range of technical training. We must 
be taught to think as we make observations; and it 
does not matter how much imagination we possess 
if we do not know how to use it. What is needed, 
in these days of war preparation, is to be able to 
see in the dark—foresight, that is the greatest gift 
of all. 

Certain it is that our immediate business, in such 
a school as we have described, will prosper more by 
attending to the mind than to the use of the hands in 
the beginning courses. We can do more good by sim¬ 
ply endeavoring to enable the student to use his in¬ 
ventive imagination as applied to mechanical work. 
This, especially for those who arc destined to labor 
afterward upon line precision work, whether upon 
weapons or instruments, is the most valuable prep¬ 
aration the student ran have. He must begin ob¬ 
serving without any sense of effort before be can 
apply his mind to mechanical observation as a busi¬ 
ness. All gunmakers have been amateurs in the 
beginning, however early in life their first serious 
work may have been performed, and all amateurs 
have begun bv watching mechanical things as idle 
people window-shop. We are first enticed by the 
pleasure of irresponsible imagination, and after¬ 
ward led into the work by a sort of accident. Be¬ 
tween the ease of irresponsibility and the case of 
mastery there lies a difficult passage, that season 
of apparent failure when the imaginative power is 
impeded by the straining of the attention. 

Invention is simply mechanical imagination at 
work on a given task. The distinction between the 
inventive imagination and the common power to 
think out mechanical improvements lies simply in 
the capability of discipline. 

To this it may be answered that the idea which 
would be considered the source of the real invention 
usually comes to us involuntarily, as for example, 
when a gunmaker hits upon a new and original rifle 
sight at a time when his mind is occupied with a 
barrel problem. We are aware of this, but we do 
not consider that the real inventive power is to be 
sought for in the original idea, which is often of 
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the most extreme simplicity, and is not infrequently 

borrowed from another source without any kind of 

• 

acknowledgment. Sketches of first ideas, both by 
research engineers and inventors, are frequently so 
crude that they give one no conception of the work 
the perfected invention is to perform; the inventor 
only sees his way as he proceeds. What he does is 
to make some sort of attempt and see wlial he can 
make of it by the trial-and-error method—with the 
aid of his inventive ability. Then comes the real 
test, which is the working out of the idea so as to 
present it in its exact proportions, and with the 
most vivid appearance of reality when all its com¬ 
ponent parts are assembled, whether it be a ma¬ 
chine or a gun. To accomplish this, he ‘ ; sets his 
wits to percolate”; that is, lie makes his imagination 
obedient to his will. The everyday sort of man 
seems to have no imagination in mechanics because 
he is unable to apply his disconnected dreamings to 
a definite purpose. 

When the real gunmaker gets hold of a good 
practical idea, he applies his mind to the business 
of invention in this way. He is not able to invent 
at a moment's notice, but he knows that in the 
course of time, he will certainly be able to work out 
the requisite amount of detail. An arrangement is 
made between a sportsman and a clever gunmaker 
by which the gunmaker promises to deliver a new 
type of shotgun with features in the action and 
locks which are patentable. At the time when the 
promise is made, he is ignorant as to the locks and 
details of action design, but he knows that by the 
application of his imaginative power he will be able 
to form the action and locks to the proper propor¬ 
tions. An uninventive sportsman might see almost 
as much of the shotguns action after his first glance 
at some crude sketches made by the gunmaker, but 
the difference is that he would never see anything 
more. 

It is my belief—and I hope that many will ac¬ 
cept it, as it comes from one who has made numer¬ 
ous improvements in small arms, ammunition and 
diesel engineering—that invention is imagination 
which can be made to work; therefore, it must fol¬ 
low that real inventors will work at inventing im¬ 
provements just as they would at anything else, 
and those who “wait for inspiration” are those who 
are the least likely to be honored. Does not expe¬ 
rience generally confirm this? Setting aside the 
general belief that men of genius are conceited indi¬ 
viduals (an error that can only arise from ignorance 
of the toil involved in work which seems so easy), 
and looking at the real facts of the case, do we not 
find, when we know them personally, that they la¬ 
bor just like other professional engineers? 

We may even go further and say that if there is 


a difference, it is in favor of the men who possess 
mechanical genius, for they work more than com¬ 
mon mechanics, because they have a much finer 
appreciation of what they are doing, and take plea¬ 
sure in performing it and seeing their creation 
finished and working. Consider the amount of 
experimental work performed by Eli Whitney, 
Blanchard. Edison, Steinmetz, Pope, and Wright] 
In some cases it is true that the great labors of 
men of genius have been performed under the stim¬ 
ulus of necessity, but we do not find that wealth 
leads to wasting precious hours in their case. 
Browning, the inventor of the automatic rifle and 
machine gun, and Henry Ford continued to work 
long after they had become rich men. It is easy to 
acquire knowledge, but invention we bring with us, 
to develop it in great or little measure, as these 
men did, for they developed it while young and 
never allowed it to die within them. 
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Invention in firearms and ammunition, as in every 
other mechanical art, requires a certain amount of 
freedom of action, especially in gun and ammuni¬ 
tion experiments; and this freedom involves a work¬ 
ing condition of a peculiar kind, which has led to 
the belief that firearms inventors are an especially 
gifted race. If he were bound down to rigid factory 
supervision, the gun inventor would be unable to 
perform the best which is expected of him. All in¬ 
ventors working upon firearms select steels which 
have great strength, and if the material does not 
possess strength in its easily workable state, they 
can easily specify the proper heat treatment after a 
part is completed. Their education in the metal¬ 
lurgical art enables them to do this, for the recog- 
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nized men of invention have always done it, and 
their strong successors are likely to continue the 
practise, always applying, too, the proper sense of 
proportion to the things they invent. 

That is why hundreds of young men study engi¬ 
neering in all its branches in many technical schools. 
Too often, however, these young men, not having a 
well-developed sense of proportion, do not make 
the best mechanical engineers after graduation. 

The term “proportion,’’ in arithmetic, denotes 
the ratio one number or distance bears to another, 
and is essentially a concept of linear relations. A 
“sense of proportion,” of course, permits one to 
estimate fairly well whether one gun barrel is dou¬ 
ble, one half, one quarter, or one third the length 
of another, but it certainly is not limited to that. 
There appears to be some appreciation of the 
squares and cubes of quantities, especially in mea¬ 
suring gunpowder, although this may, to a great ex¬ 
tent, depend upon one’s experience. 

It is interesting to contemplate how far a gun¬ 
smith may go in his reliance on judgment, or sense 
of proportion, without being led astray. Dimen¬ 
sional analysis is a convenient tool for such inves¬ 
tigation, and has the advantage of revealing those 
fundamental relations which, in so many cases, 


make it possible to design guns “in proportion" or 
by “rule of thumb” successfully. 

It is safe to say that whenever a new gun is 
designed which involves geometric similitude, the me¬ 
chanical engineer’s sense of proportion is of inesti¬ 
mable value, but that, conversely, where geometry 
is not involved directly, the mechanical engineer is 
apt to guess the wrong answer unless he makes use 
of theory, or research, or both. Unfortunately, the 
highly trained technical person is only rarely en¬ 
dowed, to any high degree, with that fine sense of 
proportion, clarity of vision, and creative ability 
which is an attribute of the successful “practical” 
inventor or research engineer. Indeed, I fear that 
too much intensive technical training tends at times 
to becloud and suppress the most desirable charac¬ 
teristics of a successful gun designer; and too much 
logical thought tends to crowd out the more artistic 
and spontaneous creative thinking that is also nec¬ 
essary in gun and ammunition design. Be that as 
it may, the engineering department of an arms and 
ammunition factory is usually faced today with the 
problem of persuading these temperamental indi¬ 
viduals to work in harmony. The gun inventor is 
fortunate who possesses the talents for creative in¬ 
vention and yet has a strong technical background. 



CHAPTER 0 


Iron and Steel in Nature and in Guns 


''I^HE importance of conveying to the non- 
JL technical gun hobbyist and sportsman a work¬ 
ing knowledge of metallurgy, as a foundation upon 
which to build a clearer understanding of the chap¬ 
ters to follow, cannot be overemphasized. Only by 
carefully arranging, classifying, and subdividing 
these fundamentals according to their respective 
importance to the gun lover, can each phase of 
metallurgy and the treatment of steels be clearly 
understood. Reference to various treatises on steel¬ 
making—metallurgy in relation to the proper heat 
treatment of metals—will demonstrate that for 
many reasons few, if any, have presented the fun¬ 
damentals of steels and their action in general gun¬ 
making. Therefore, these chapters have been dedi¬ 
cated to the task of dealing with that subject in 
simplicity, for three reasons: First, because there 
is an apparently widespread demand for such in¬ 
formation in readable form. Second, because to 
educate properly is to present the fundamental facts 
first, and let the arbitrary details be relegated to 
their relative position in the technical background. 
Third, we have been accused of not saying enough 
in the second volume of The Modern Gunsmith 
about steels, their treatment, and their relation to 
the gunmaker’s art by hundreds of enthusiastic 
home craftsmen and shop mechanics. 

We did not understand at first that this subject 
was of such vital interest, and even when writing 
what we did upon the subject, five or six good rea¬ 
sons for eliminating those chapters completely oc¬ 
curred to us; but what was written only whetted 
the appetite for more, it seems; for we live in an 
age in which metals of all kinds play a major role 
in industry. Gun enthusiasts are divisible into two 
distinct classes: those who are capable of compre¬ 
hending the fundamental principles of metals, and 
those who are not. The first class, who are the 
minority, entered into our mind at the time the 
large volumes were written; but the second class 
were never considered, even though they were the 
majority, for we thought that any explanation in 
the matter of heat treatment of steels would be 
wasted upon them. We have learned at last that it 
is the latter class who really need considering, for 
it is these men who are bewildered about the fun¬ 
damentals of metallurgy, especially in the proper 


treatment of their gun barrels when shots will not 
group in the center of the ten ring. Metallurgy, in 
all its branches, has a sort of influence upon all 
shooters who are more or less mechanically minded. 
It would take volumes to define all the details so 
that the layman could really understand, but if a 
young man understands some of the elementary 
principles of metals, he is already far above those 
in the mechanics class. 

Iron Rust and Its Value —You all probably 
know that the yellow stain often seen on the banks 
of a running brook, and around the edges of a 
spring, is iron in a state of rust; and when we see 
rusty iron in other places we generally think, not 
only that it spoils the places it stains, but that it is 
spoiled itself—for rusty iron consists of ferric hy¬ 
droxide, an oxide formed by corrosion. 

Iron in such a state of rust cannot be employed 
for most of our needs; and because we do not care 
to use a rusty gun barrel instead of a highly pol¬ 
ished one, we imagine rust to be a great defect in 
the metal from which it is made, and conclude that 
gun barrels should be made from steels which are 
not subject to rust. But this is not the case; nn 
the contrary, the most useful quality of steel is its 
tendency to get itself into that condition. Rust is 
not a fault in the iron, but an accomplishment; for 
in that condition it fulfils its most important func¬ 
tions in the universe and its most useful duties to 
the human race. We may say, indeed, that iron 
in a rusted state is Living; but when melted, and 
when a specimen is removed from the bar and pol¬ 
ished to explore its structure, it is Dead. 

In the mixed air that we breathe, the part which 
is so essential to animal life, as you know, is oxy¬ 
gen. The nervous power of life is a delicately ar¬ 
ranged structure, but the supporting elements of 
the structure cannot be nourished without the help 
of oxygen. The air we breathe is the very same air 
which the iron breathes when it gets rusty. It takes 
the oxygen from the atmosphere as eagerly as we 
do, although it uses it differently. The iron keeps 
all that it gets; we, and other animals, part with 
it again; but the metal absolutely keeps what it 
has once received; and the yellow oxide which we 
so often despise is, in fact, just so much pure iron, 
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in so far as it is iron and oxygen combined. The 
main service of the iron and all other metals, to us, 
is not in making guns, tanks, cookstoves, and hunt¬ 
ing knives, but in enriching the ground we feed 
from; for iron constitutes 4/2 per cent of the earth’s 
crust, and is one of the various substances, in the 
form of oxides, that are most needful to our very 
existence. All these are nothing but metals and 
oxygen—metals with oxygen put in them—but they 
are in such a disintegrated, unrecognizable state 
that the unobserving person will never detect their 
presence. Sand, clay, lime, and the rest of the 
earths—potash and soda, and the rest of the al¬ 
kalies—are all metals which have experienced this 
vital change, and have been made fit for the ser¬ 
vice of man by their permanent unity with oxygen. 

Is there not something significant in these facts, 
considered as one of the lessons furnished by in¬ 
animate creation? Here we have our hard, bright, 
cold, lifeless metal when made into steel—good 
enough for guns and battleships, but not for food. 
You may think that iron is wonderfully useful in 
its pure state, but how would we react if all the 
fields, instead of growing grass, grew nothing but 
iron nails? Or if the whole earth, instead of being 
rich with green forest between the level fields as 
far as the eye could see, showed nothing but the 
image of a vast furnace district like that around 
Pittsburgh—a globe of black, lifeless metal? It 
would be that, if the elements of which it is made 
did not breathe the oxygen from the atmosphere. 
And as metals breathe, the crusts of the harder sub¬ 
stances naturally fall into the class of oxides, or 
dust, planting themselves again in the earth from 
which they are extracted for our commercial uses. 

Steel Alloys —Thus far the same interest at¬ 
taches to all the physical elements of which steel 
is made; but now a deeper interest attracts our at¬ 
tention to another element—carbon, that which 
gives steel its hardening qualities. The addition of 
carbon to iron wrought revolutionary changes in 
the art of steelmaking. It was in 1000 a.d. that 
the charcoal hearth process of making iron brought 
to light this effect of carbon—followed later by a 
carburizing process in which charcoal was used to 
give steel its desired carbon content. Whenever an 
analysis is made of steel of modern manufacture, 
the elements listed below in their proper order are 
usually found, with their functional value and their 
effects when incorporated in steel. 

IRON 

Found as a metal in meteors. Occurs as iron ores; 

namely, hematite, magnetite, limonite, siderite. etc. It 

constitutes A l / 2 per cent of the earth’s crust. 


CARBON 

Found in wood, coal, graphite, diamonds, and is a 
vital element nf all plant life and of all animal bodies. 

Used extensively in the form of cast iron, in steel- 
making, and in all organic chemical compounds; namely, 
dyes, flavors, gasoline, etc. 

It is steel’s principal hardening clement (except those 
of an alloy content). It is the most vital element 
which gives steel its qualities of hardness. 

MANGANESE 

Found as manganese ores, and manganiferous iron 
ores. 

Used in steel-making and in glass-making. 

It has strong hardening features, giving steel iis 
toughness and great wear resistance. Our best rifle bar¬ 
rels arc made from manganese steel. 

NICKEL 

Found as sulphide ores. 

Used in steel-making, cast iron, nickel-copper alloys, 
magnetic alloys, etc. 

It has great toughness, hardenability, and corrosion 
resistance. 

It is the alloy which gives steel great strength and 
fatigue-resisting qualities. 

CHROMIUM 

Found as chromite, etc. All chromium ores are 
oxides. 

Used in steel-making, in cast iron, chromium plating, 
tanning, and in color and paint pigments (chrome yel¬ 
low, etc.). 

In steel it has stainless properties, hcat-rcsistancc, 
abrasion-resistance, and hardenability. 

MOLYBDENUM 

Found as molybdenum sulphide and calcium molyb¬ 
date. 

Used in steel-making, cast iron, paint pigment, and 
for plates and grids for vacuum tubes. 

It gives steel a high-temperature hardness, and hard¬ 
enability in the annealed state. The barrels used on the 
Garand automatic rifle are made from a steel with a 
molybdenum content, known as S. A. E. 4150. The 
amateur should avoid using this type of steel for rifle 
barrels, because of his inability to secure a satisfactory 
finish to the bore. 

SILICON 

Found in sand, quartzite; in fact, 7 per cent of the 
earth’s crust is this element. 

Used for making glass, Portland cement, carborun¬ 
dum, etc., as compounds. 

Used in the making of steel, and in cast iron as a 
dissolvent element. 

In steel it is a deoxidizer, and is gifted with special 
properties. Basic open-hearth alloy steels usually con¬ 
tain between 0.15 and 0.30 per cent of silicon. Electric 
and add open-hearth steels usually contain 0.15 per 
cent of silicon as the minimum range. 

SULFUR 

Found in its pure state; also found with iron (py¬ 
rites) and in other minerals. 

Used in making free-cutting steels, gunpowder, rub¬ 
ber, lubricants, bleaching compounds, sulfuric acid, etc. 

In all alloy steels it is generally considered an im- 
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purity; when used in a free-cutting steel up to 0.30 per 
cent, it raises the value of the metal’s machinability. 

PHOSPHORUS 

Found in phosphate rock (calcium phosphate). It is 
also an important constituent of bones. 

Used to make fertilizer, and in free-cutting steels. 

In all alloy steels it is considered an impurity, and 
when found in large amounts it lessens the ductility of 
steel; but when used up to 0.20 per cent in rust-resisting 
steels, and in the presence of copper, it resists the effects 
of weather upon the metal. 

COPPER 

Found as metallic copper, as sulphides, and as an ox¬ 
ide. 

It is one of the metals most widely used in pure 
form. It is used in steel, coinage, household and indus¬ 
trial uses, copper plating, etc. 

In steel it has corrosion-resisting properties, and is 
used occasionally in certain grades of steels as a harden¬ 
ing agent, and when 4 per cent is used, it produces very 
effective hardening results. 

ALUMINUM 

Found as the mineral "Bauxite,” which is the com¬ 
mercial name of this metal. It is also found in clays 
and rocks in a very wide range throughout the world as 
a metallic element. 

When used up to 1.50 per cent in steel it is an alloy 
for surface hardening by nitrogen-—in a furnace con¬ 
structed for that purpose. It is also alloyed with 
copper. The oxide is used as an abrasive and as a 
refractory. 

In steel it is used as a grain refiner and as a deoxi¬ 
dizer. 

TUNGSTEN 

Found largely as an oxide compound, calcium 
tungstate. 

Tungsten steel is the steel par excellence for cutting 
other metals, and is known as high-speed tool steel. 

Used for lamp filament, it is made into wire by 
drawing it through diamond dies as small as 0.0005 inch. 

In steel it has many special uses. It also provides 
stability at high temperatures. Some of our best reamer 
steels arc of a low tungsten content. 

VANADIUM 

Found as various oxides and as sulphide ores. 

Used in steel-making. It is a toughening agent and 
refines the grain size of steel; when used in a larger per¬ 
centage it is a hardener. 

In this slight review of the functions of the alloys 
of modern steels, it will be observed that they all 
impart a strengthening power to the metal. Thus 
nickel, added to steel, raises its strength without sac¬ 
rificing its ductility, and intensifies the effects of 
other alloy elements, particularly chromium. Chro¬ 
mium raises the ultimate strength, and gives steel 
its hardness and toughness, thus keeping grain 
growth down to a minimum. Molybdenum raises 
the ultimate strength, hardness and toughness, and. 


like chromium, minimizes grain growth at a high 
normalizing temperature. The tables of the S. A. E. 
numbers will be found in Chapter VI, Volume II, 
and should be used as a reference in connection with 
this table of information. 

But the most important point to remember is 
that the oxides would never have existed had it not 
been that the oxygen first turned them into dust. 
The pure alloys have no special part in steel-mak¬ 
ing, and they never occur in nature at all except 
in meteoric stones fallen from the skies. In the nec¬ 
essary work of preparing the nation for war, great 
tonnage of steel is used; but if the alloys in the 
form of oxides had never breathed the oxygen from 
the atmosphere, we would still be using cast-iron 
cannon, cast-iron rifle barrels, and wooden ships 
would still be upon the seven seas. 

Problems of the Metallurgist—With the dis¬ 
covery of the alloys the steel industry muved rapidly 
forward, and following in its path is the shadow of 
obsolescence, creeping over and obscuring the weap¬ 
ons and ships of yesterday’s hope. The nation and 
its weapons may both be obscured if either fails to 
keep pace with the needs of warfare. Yet, our 
nation has within its power that which will prevent 
it from falling behind—the vision to penetrate the 
darkness, see what is ahead, and adjust its pace ac¬ 
cordingly. 

Today the science of warfare is in the spot-light, 
bringing about recognition of ils importance. Upon 
the shoulders of the metallurgist, mechanical engi¬ 
neer, and research engineer falls the burden of the 
responsibilities accompanying this recognition. Il is 
their task to demonstrate their ability by improving 
the products of which they are the masters. Their 
success will be in proportion to their vision. 

The metallurgist, the mechanical engineer, and 
the research engineer arc as essential to modern in¬ 
dustry as the engine is to the airplane. But, unless 
modern industry can be made to appreciate the 
value of the “engine to the airplane,” the shadow of 
obsolescence will fall upon all three engineers. 

Therefore, ujwm all three rests the further respon¬ 
sibility of convincing the war industries of their 
value, by the intelligence they display in solving 
the heat-treating problems of those industries. This 
task will be less difficult if they will avoid complex 
explanations of “phenomena” pertaining to engi¬ 
neering problems in their contacts with army offi¬ 
cers and perhaps with more inexperienced men at 
the head of some particular war industry. This can 
best he done by the application of logic, because 
logic is simply fundamental “horse sense” in any 
kind of language. 


CHAPTER m 


Gun Barrels, Their Steels, and a Safety Analysis 


C LASSIFYING S. A. E. numbered steels, and 
explaining to gun hobbyists and sportsmen in 
general how one differs from the other, is almost 
as difficult for the metallurgist as classifying the 
human race is for the psychologist. Like human 
beings, steels follow the same master pattern; their 
variations in physical detail merely reflect the in¬ 
fluence of progressive scientific development. 

Gunmakers, like psychologists, may agree on the 
fundamentals of their professional problems, but 
few agree on their solution. Therefore, while the 
number method used by the S. A. E. to classify 
steels and their approximate heat treatments may 
not be agreed with in detail by those who have to 
work out their individual heat-treating problems, it 
is felt by that society that the clarity of its method 
justifies its use by the nontechnical reader. The 
difficulty is amplified by the fact that it is neces¬ 
sary to deal with problems correlating metallurgical 
fundamentals with traditionally established coined 
words, trade names and phraseology which, in them¬ 
selves, are sometimes more descriptive than accu¬ 
rate. Every attempt has been made to set forth 
the classification and subdivision of various steels 
and their approximate heat treatment for industrial 
needs in a sufficiently broad manner to permit dif¬ 
ferent opinions and authoritative views to be given 
their due recognition. It is not the purpose of this 
chapter to pass judgment on the firearms manufac¬ 
turer, or to agree with any specific statements the 
steel-makers may make. Rather, our purpose is to 
accomplish the essential function of any educational 
text, namely, to present the law of safety limits in 
a gun barrel to the sportsman (who is not usually 
at fault when a gun barrel blows apart) in an in¬ 
teresting, nontechnical form. 

In attempting to classify the various barrel steels 
used by the gun manufacturers, many complications 
arise, due to the large number of companies making 
firearms, not only in our own country but in Europe. 
This is true, even though one grade of steel is used 
for all calibers by the makers of firearms, as in the 
case of the U. S. Springfield Armory before the 
Garand automatic rifle was placed in production. 
However, it is believed that this chapter and the 
next one will clarify the subject for the sportsman 
and give the gun manufacturer material for thought. 


It is not too much to say that the founders of the 
great arms companies of the United States, the 
names of which are now household words through¬ 
out the nation, were all amateurs at one time. In 
the days when those companies were formed, steels 
were just steels to them. When they purchased a 
piece of steel, they expected nothing more than a 
piece of chisel steel, tool steel, spring steel, ma¬ 
chinery steel, and all of the poorest grades. But 
today more than a hundred different S. A. E. steels 
are listed. From these are selected about forty dif¬ 
ferent numbers that arc used in the automotive in¬ 
dustry alone. Many of these are of the finest qual¬ 
ity, and have given us certain standards according 
to which we may now select our steels for the mak¬ 
ing of the various component parts of our firearms. 
There is a reason for the selection of each kind 
listed in the S. A. E. Hand Book. Some steels give 
greater strength (as we have already proved) for 
actual weight, others will not corrode when exposed 
to the powder gases or to the elements. There are 
special alloy steels which, after they have been given 
the proper heat treatment, show no wear after long 
use. 

In order to obtain the best in steels for the man¬ 
ufacture of firearms components, including gun bar¬ 
rels, or for that matter any of our industrial needs, 
the assistance of a metallurgist from one of our 
leading steel mills should be sought. Such men are 
willing to assist not only the sportsman who may 
have only a small experimental gun shop, but also 
the large industrial plant; for he will be able to as¬ 
sist both with the proper selection of steels and with 
the solution of all heat-treating problems; also to 
advise regarding all special requirements for indi¬ 
vidual parts, if practical. 

Defective Gun Barrels —Unfortunately, I can¬ 
not help casting my memory back over the number 
of high-vclocity gun barrels I have seen blown apart, 
and the shotgun barrels and actions which have 
been set before me split open from ahead of the 
chamber to the muzzle. Many of these accidents 
were due in part to the sportsman’s carelessness; 
some of these guns which blew apart, however, had 
defects that were readily found in the metal itself. 

Such blemishes existed in many gun barrels made 
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less than a century ago. and there must always be 
a few guns whose defects will never come to light 
until an obstruction is lodged in the bore, unknown 
to the shooter. Perfection can exist only in the 
imagination; and doubtless an exploding gun bar¬ 
rel either kills or seriously injures its owner. Vet a 
chemical analysis of the defective metal will prove 
that it had been considered safe: it contained the 
requisite amount of carbon, manganese, silicon, and 
not too much sulfur or phosphorus. Rut, just as 



Fig. 3 

The slag elongation in the direction ol which Damascus, stub 
twiat. wire twist, etc., were welded. This is the reason why so 
many of these barrels go "bad" when a heavily loaded car¬ 
tridge is used 


many a sportsman mingles for years with his asso¬ 
ciates, his character unrevealed, until suddenly he 
is found to be “bad/ 1 * so this gun barrel is found 
to be bad inwardly and outwardly. The chemist had 
made a thorough chemical analysis of that particu¬ 
lar heat of metal at the mill, and appeared to have 
fulfilled his duties faithfully. Rut place the bad 
barrel under a metallurgical microscope, and then 
the exact, reason for its failure to perform its duty 
becomes as clear to the trained metallurgist (the 
man who studies the internal architecture of met¬ 
als) as it does to the physician that the poison found 
in the stomach of a lifeless patient was the cause 
of his death. 

Let us suppose that, after the barrel burst in the 
hands of the sportsman, we have removed from the 
breech a small specimen, and formed it into a J/ 2 - 
inch cube. 

After cutting out our specimen with a hacksaw, 


we finish-grind one side, and mount it in a piece 
of bakelite one inch in diameter by three-fourths 
of an inch in length, and then the ground surface 
is highly polished. The polishing operation con¬ 
sists of removing all grinding marks by the aid of 
various grades of fine emery paper, starting with 
grade number 1 and finishing with number 4/0. 
This last is a hand operation, and is followed by 
a buffing operation on a vertical metallurgical pol¬ 
ishing machine, in which a very line kitten’s-ear 
buff is used charged with a very fine polishing com¬ 
pound. Of course, the side of the specimen that is 
polished is the side in which the steel bar has been 
drawn, and which would naturally be from breech 
to muzzle, i. e., length wise of the tube. We are 
now aware that the surface of the metal appears in 
its best clothes, so to speak, without a spot or a 
minute scratch to mar the mirror-like surface. It 
is like the ordinary target shooter whom we meet 
occasionally at Camp Perry—at times one can 
hardly recognize him. Shooting clothes have been 
removed and he is clean shaven and dressed in his 
best. This part of the barrel, in other words, is 
difficult to recognize without its external coat of 
blue. 

Although a specimen of polished steel appears 
quite homogeneous to the unaided eye. microscopic 
examination of a polished surface which has been 
lightly etched with acid shows the internal struc¬ 
ture to be complex. The study of the internal 
structure of metals, and the effect of such structure 
on the properties of metals, is the science of metal¬ 
lography. The use of the microscope is not the only 

means by which the structure of metals can be 
* 

studied, but it has been one of the most effective. 

Before the cube of barrel steel is ready to have 
its picture taken, it must be given an etch to make 
the structure visible under the microscope, in order 
that we may examine the nature of its internal de¬ 
sign. As the old-fashioned commercial photogra¬ 
pher so often suggested, we are asking it to “Look 
natural, please.” 

The treatment consists simply in subjecting our 
specimen to the action of a chemical compound 
which attacks the different components of the 
metal; in short, we are immersing the face of the 
specimen in a solution of nitric acid and alcohol 
for a few seconds, usually between eight and twelve 
seconds. This is known to the profession as the 
5 per cent nital etch. The solution first attacks the 
junctions of the different crystals in the metal, and 
then the crystals themselves, coloring some brown 
or black, but leaving others white. The cube has 
now lost some of its polish, but the whole frame¬ 
work or structure lies plainly before us. To the 
sportsman or layman the polished surface of the 
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metal shows practically no change, though it is a 
little less brilliant, and a slight grayish appearance 
is visible to the unaided eye. 

To elaborate further: The structures of steels are 
found to be closely related to their physical prop¬ 
erties. The study of structure is, therefore, useful 
in determining the practical applications to which 
(he steel may be subjected. Even when the rela¬ 
tionship is not completely understood, satisfactory 
performance sometimes can be associated with suit¬ 
able structures, and unsatisfactory performance with 
unsuitable structures. 



Fig. 4 

Top—The position of a 2-Inch shotgun cartridge in a 2 V' 2 -inch 
chamber. The dotted lines show the crimp as it opens out into 

tho cono 

Bottom—The correct position of a 2V4-inch cartridge in its 
proper length of chamber. It is also tho cause of many of tho 

old guns' going "bad" 

In order that we mav detect the suitable and un- 

•» 

suitable structures of our barrel specimen, we must 
be aided by the microscope. Through a number of 
lenses and prisms from the objective to the binocu¬ 
lar eyepiece, the metallurgist can look at this piece 
of barrel steel under a linear magnification of from 
fifty to three thousand diameters. This means that 
a spot measuring 0.010 of an inch across, and to be 
explored by the 100 X objective piece in position, 
will appear one inch in diameter to the eye of the 
observer. 

A picture can be now obtained, if desired, in the 
usual technique of photography by throwing the 
image of the structure upon a photographic him in 
a camera attached to the microscope. 

Examining the photograph thus taken, we notice 
light and dark areas, the former pure iron or fer¬ 
rite, the latter pearlite, named from its resemblance 
to mother-of-pearl when seen through the micro¬ 
scope for the first time. We shall not linger here 
with ferrite and the other technical names of steel’s 
chemical composition, but shall leave them to the 
metallurgist, for they will be of no further use to 
the sportsman or gunsmith, except that they may 
create a desire to study the subject. Those who arc 


interested will find many books that will give them 
all this information. 

We do not intend to convey the idea that all pre¬ 
vailing ills in gun barrels may be viewed through 
the microscope. Gun-barrel steels should be left to 
the metallurgist and his indispensable etching com¬ 
pounds, for today he is able to detect all the sins 
of barrel steels at the mill before they ever reach 
the gun manufacturer. Of course, he may not de¬ 
tect a few tenths of 1 per cent of sulfur or phos¬ 
phorus which may make a barrel go bad. A seem¬ 
ingly small amount of sulfur will make a barrel steel 
brittle if worked hot, and phosphorus will cause it 
to fracture from a sudden shock, as in the case of 
an overloaded cartridge when the barrel is cold. 
These two, sulfur and phosphorus, are the two evils 
that the metallurgist attempts to keep down to a 
minimum at the steel mill if the steel is to be classed 
as “good” barrel steel. 

Neither do we wish to convey the idea that all 
barrel steels are bad, nor that all fractured gun bar¬ 
rels are due to faulty bars of steel. Let us suppose, 
for the sake of illustration, that a bad bar of steel 
occasionally slips in among the good ones. That is 
the one to be dreaded, not only by the steel manu¬ 
facturer, but by the maker of firearms. For after 
it has left the mills there is no possible way to dis¬ 
tinguish this physically incompetent bar of metal 
or its source of weakness, and it may never be de¬ 
tected during the process of manufacturing the bar¬ 
rel. If the defective bar is not discovered by the 
barrel-maker, and is allowed to pass through all the 
sequence of operations to which a gun barrel is sub¬ 
jected, it will finally appear in the complete rille or 
shotgun. Our modern inspection methods are so 
efficient, however, that such a bad piece of steel is 
seldom found in a high-velocity rifle; for rarely does 
one ever survive the final stages of its operations 
without being detected either by the inspector or by 
one of the machine operators. But there is still a 
million-to-one chance that a bad bar of barrel steel 
may never be detected. 

Danger of Altered Barrels—A high - velocity 
gun barrel, after being properly heat-treated, should 
stand a pressure of 130,000 pounds, or 65 tons, to 
the square inch, before the yielding point is reached; 
whereas, the maximum established pressure of a 
high-velocity cartridge in the Model 1906 class is 
but 26 tons per square inch. This surely gives a 
good gun barrel a great margin of safety. But on 
the other hand, if the caliber .300 magnum cartridge 
is chambered in the U. S. Model 1917 Enfield rifle, 
meant for the caliber .30-06 cartridge, the change is 
very apt to make a bad gun barrel blow open, par¬ 
ticularly if the metal should contain any small pipes, 
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segregations, or abnormal changes in the structure 
of the metal from the surface to the bore near the 
breech. Perhaps many such rifles have been changed 
over to use the more powerful cartridge? Those 
making such changes may not know that the steel 
produced at the end of the First World War was 
not so carefully selected as gun-barrel steels are to¬ 
day. Those who have changed such guns arc crea¬ 
tures of infinite limitations, limited by their health 
and sex, and their incomplete education in handling 
firearms. Of course, to that class, a certain range 
of sentiment comes along with one of those guns, 
especially if it was bought in the days when it could 
be purchased for $7.50. Now that the sale of all 
arms and ammunition has been discontinued by the 
1). C. M. (Director of Civilian Marksmanship), the 
sale of all military rifles should remain closed to 
those who must be continually changing calibers on 
this class of weapons; and those who already possess 
such made-over guns should be ready to reserve a 
room for an indefinite period in some hospital—or 
space in some cemetery. 

Your guns, however, are not to remain in a state 
of inactivity because you may think them unsafe or 
inaccurate after glancing over this and other chap¬ 
ters. On the contrary, it is only necessary to recall 
the fact that the makers of firearms today eliminate 
all defective material by a thorough inspection in 
their laboratories, which proves that the mastery of 
gun-making is quite complete. Upon rare occasions, 
carelessness may enter into the making of a rifle bar¬ 
rel, causing it to be inaccurate, even as carelessness 
enters into the lives of those who use them. It is 
not enough to be acquainted with the facts as stated, 
for gun knowledge only begins when the character 
and behavior of metals are known to the sportsman. 
The sportsman should also know that all steels se¬ 
lected for gun barrels must be given the proper heat 
treatment, not only at the mills where they are made, 
but also after the barrel has been forged and 
straightened; for it is then again scientifically heat- 
treated for the proper hardness and machinability, 
so that, when completed, it shall have strength where 
needed. 

Requirements ol Good Steel —It now remains 
for us to direct our attention to the fact that, among 
all thoughtful and experienced gunmakers of the 
past half century in the United States as well as in 
Europe, no phase of firearm construction has been 
the subject of more forethought than the produc¬ 
ing of accurate rifle barrels. Gun barrels have been 
made as inclination dictated, often from the free- 
cutting steels which were used in the black powder 
days, and at the present date upon cheaply made 
caliher .22 boys' rifles. They have been made of 


every known chemical composition in which 3/2 
per cent of tungsten was part of the content, alloys 
of which have played the major part since the First 
World War with a view to securing a tough steel for 
the service of the sportsman. Rut this fact should 
never be forgotten: That while regular shotgun, rifle 
and revolver steels will bear strains of more than 
50 per cent against excessive loads in a cartridge 
case, they will expand and blow apart whenever a 
slight obstruction has been accidentally left in the 
bore. Whenever a gun barrel is severely strained by 
the effects of an obstruction, if not blown apart, it 
loses that degree of safety, for the molecular struc¬ 
ture of the metal has been changed and so injured 
that the final bursting of the barrel is but a matter 
of time. This is especially true of a gun barrel in 
the high-velocity class. Whenever a shotgun has 
been found to be badly strained in the breech ac¬ 
tion, or bulged in the barrels, the whole gun should 
be destroyed in justice to those who may inciden¬ 
tally use it. 

The requirements of a good barrel steel today, 
whether used upon a rifle, shotgun or target revolver, 
call for special physical properties, namely, tensile 
strength, yielding point, elongation, reduction of 
area, and the necessary hardness governed by the 
machinability of the metal. For the hardness in¬ 
spection, either Brinell or Rockwell standards are 
accepted; but we prefer the Rockwell instrument to 
take our hardness tests upon steel specimens, mainly 
because of its simplicity and the direct hardness 
readings upon a dial. 

To secure all these qualities in a gun barrel, it is 
necessary to select our steel from the list of the 
S. A. E. (Society of Automotive Engineers) stand¬ 
ards, specifying electric furnace steel of airplane 
quality. This may serve to account for the fact 
that T-1350 would be the most logical material for 
the gun-barrel experimenter. It is manufactured by 
the Timken Roller Bearing Company, Canton, Ohio, 
and possesses all the desirable qualities in the physi¬ 
cal charts, being a steel capable of taking a very 
fine interior finish, provided perfect cutting reamers 
are used. When desiring to use a nickel steel, we 
would naturally select 2350; or if not satisfied with 
a nickel content, we would select 3150, which is a 
steel of a nickel-chromium content; if a molybdenum 
content is desired, we select 4150, which will with¬ 
stand shock and fatigue, but is a hard steel to work; 
that is, it is not a steel to remain stable after being 
heat-treated, nor. at times, can a good finish be sec¬ 
ured on the surface of the bore. It does not always 
remain stable when slightly heated; that is, the 
structure of the metal will not remain set when a 
barrel has been fired a number of times, particularly 
if the barrel is of light construction, as I have ex- 
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perienced. I have very good grounds for believing 
that a number of such bars of steel as I have named 
are ordered from time to time by gun hobbyists who 
have small shops; if I am correct, they must specify 
that the bars thus ordered shall be heat-treated at 
the mill at a hardness of 28-32 Rockwell “C" scale. 

In the manufacture of automatic guns, such as 
shotguns and rifles, one of the most important con- 



Fig. 5 

Fro© ferrite or sulphide of manganese, which Is often found 
in all types of steel. It is hard to secure a desirable internal 
finish when this is in evidence 


siderations is the selection of the proper grade o! 
steel to permit the weight of the breech mechanism 
to be of light construction and at the same time as¬ 
sure adequate strength and wear-resistance for de¬ 
pendable performance. In addition, the steels se¬ 
lected must respond readily to machining methods 
and heat treatment; and good impact and fatigue 
strength are essential to withstand recoil from mod¬ 
ern high-vclocity loads. One great reason why we 
select 2350, a 3*4 per cent nickel steel, for such 
types of weapons, is that the high physical proper¬ 
ties of such an alloy steel are extremely useful in 
the making of such guns. 

There is hardly a steel used today, where strength 
and fatigue are the main issue, that is not an alloy 
steel. Common cast iron alone is too soft for any 
firearm construction. Carbon and manganese are 
the chief chemical elements for most ritle barrels (as 
we have already pointed out), but too great a per¬ 
centage of carbon makes steel too brittle, whereas, 
too great a percentage of manganese makes it too 
hard to work. But with a slight addition of man¬ 
ganese over the standard practise, so that the chemi¬ 
cal composition would read: Carbon range 0.4 5- 
0.55 per cent, manganese range 1.00-1.20 per cent, 
nickel range 1.25-1.75 per cent, the steel would be 
toughened remarkably for rifle barrels. The use of 
such a nickel-manganese steel in the making of spe¬ 
cial rifle barrels will mark the beginning of a new 
era of better accuracy, and of bullet stability over 
long ranges for target shooters. 



CHAPTER IV 


Gun-Barrel Stresses and Strains, and Their Treatment 


P HYSICIANS are constantly warning us to con¬ 
trol our diet, regulate our habits, have our teeth 
thoroughly examined three times a year, and consult 
them immediately when certain symptoms of serious 
illness are observed. Being human, we eagerly con¬ 
fess our loyalty to these warnings on our sick bed, 
and just as quickly condemn them as silly when 
our recovery is complete. Too frequently we strug¬ 
gle along, knowing we are not 99 9/10 per cent per¬ 
fect, but do nothing about it until the doctor reaches 
our bedside, then go into a cold sweat when he 
whispers to the family: “Operation,” ‘‘Hospital,” 
“Stop worrying,” “Be brave.” 

Regrettable though it may be, the same human 
frailty extends itself into the sportsman’s and target 
shooter’s activities upon the range. There it is re¬ 
ferred to in theory as: unbalanced bullets, unequal 
powder charges, too great a headspace, unequal 
pressure of wood against the barrel, uneven bullet- 
jacket metal, variable winds, and a world of other 
faults mentioned in sporting magazines. Regardless 
of the number of theories expressed or the fact that 
they relate to gun barrels instead of the human 
body, they are all manifestations of the same hu¬ 
man weakness. How often, in the firing trials of 
new guns, do the symptoms of coining or apparent 
“illness” go unnoticed or ignored in the hope that 
the barrel will settle down and “adjust itself”! 

The first tangible indication of inaccuracy in a 
new rifle barrel often is its failure to keep target 
groups centered, yet careful observation may have 
indicated poor accuracy before groups really began 
to change. So in the outline of a gun barrel’s ac¬ 
curacy problem it is well to start with the discussion 
of “stresses and strains” and from there lead to the 
manifestations which, if recognized, will often indi¬ 
cate the logical treatment of the steel’s molecular 
structure to prevent any further poor shooting re¬ 
sults. The metallurgist, like the physician, must 
have the knowledge which will constantly warn his 
patrons of the meaning of their symptoms. If a 
new rifle shoots poor groups, it does not mean “ex¬ 
pected trouble”—the trouble already exists. 

Normally, a study of the problems of stresses and 
strains in a gun barrel is conducted by considering, 
first, the cause of the barrel’s failure to shoot good 
groups; second, the effects of such cause upon the 


shooter; and third, the results or the actual failure 
to secure good groups. However, it is believed that 
this chapter will have more practical value if this 
study is conducted in the reverse order; so we will 
begin by considering the “results” or the failure of 
the barrel to remain stable. 

Why Gun Barrels Fail —Everyone interested in 
shooting, and in guns in general, is probably famil¬ 
iar with the fact that powder gases are converted 
into instantaneous energy when confined in the 
chamber of a gun barrel, after being created by a 
simple ignition agent—the primer. A cartridge is 
introduced into a chamber, an explosion occurs, a 
bullet is forced along its path, and velocity is trans¬ 
posed from a projectile at rest through a cylindrical 
engraved surface—the bore. This is an old familiar 
story, but the sequence of these actions in rela¬ 
tion to each other may well bear further investiga¬ 
tion, for it is upon this sequence that the first im¬ 
portant variations of barrel accuracy hinge. A clear 
understanding of these conditions is essential if the 
shooter is to meet and overcome inaccuracy prob¬ 
lems involved in shooting at targets over long ranges, 
even though heavy barrels are used. 

Too frequently the barrel-maker is called in after 
inaccuracy occurs, and is asked to diagnose the case 
and point out the true cause of the difficulty. If he 
is inclined to be truthful, he can give an accurate 
account of the conditions surrounding the barrel’s 
failure, together with a complete survey of the heat- 
treating conditions under which the steel had been 
handled. This should enable him at least to estab¬ 
lish a starting point in the “circle of circumstances” 
in which the barrel’s failure began. 

This “circle of circumstances” prevails in the 
heat-treating department of the forge shop and, as 
the name indicates, is endless. It has its beginning, 
however, in the manner in which the barrel is 
forged, straightened and heat-treated. The problem 
of subjecting the barrel blank or forging to the 
proper heat and stress-relief treatments is one of 
major importance. This burdensome task must fall 
largely upon the department which heat-treats the 
barrels and other parts, both before and after the 
sequence of operations. 
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Forging and Heat-Treating a Barrel—It is 

highly desirable that we pause here to get a bet¬ 
ter understanding of the methods used in fnrgirm 
and heat-treating a rille barrel, as seen in the forge 
shop of the Springfield Armory when at work on the 
Model 1906 barrel. 
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Fig. 6 

Tho standard practise in ell arms plants of forming a gun- 
barrel iorging rolled from the hot bar ol steel 


Following the normalizing heat treatment, which 
places the structure of the metal in the best con¬ 
dition for the machining operations, it is heated be¬ 
tween 1500 and 1550 degrees F. for one hour and 
quenched in oil, which gives the metal a hardness 
between 50 and 54, Rockwell “C"' scale; removed 
from the oil, it is then tempered to the required 
machining hardness and tensile strength, at a tem¬ 
perature between 1060 and 1 100 degrees F. by leav¬ 
ing it in the furnace for three hours or longer, in 
order that the proper hardness shall be even in the 
light and heavy sections. 

To the inexperienced the forging or barrel blank 
appears exactly suitable to attach to the receiver 
when finished, but the metallurgist may detect some 
verv unusual conditions in the structure of the 



Fig. 7 

Grain size Number 2 


A blank is first cut off a bar of W. I). l.>50 steel. 
This blank, approximately 2 inches in diameter and 
nearly 10 inches in length, is heated in a furnace 
at forging heat. While hot it is passed through 
a rolling mill in which the two rolls carry a series 
of grooves or depressions rut in the upper and 
lower rolls, of which two are cylindrical and the 
balance tapered to conform to the contour of the 
finished barrel. This operation consists of pass¬ 
ing the hot blank from one form lo another until 
it is gradually lengthened out and emerges from 
the last depression of the rolls in the form of a 
rough gun-barrel forging, with sufficient material 
left on the outer surface for the turning and grind¬ 
ing operations. After being rough-straightened un¬ 
der a drop-hammer, the forgings are normalized at 
a temperature between 1600 and 1650 degrees F. 
in a furnace for a period of three quarters of an 
hour. They are then allowed to cool in free air. 



Fig. 8 

Grain size Number 8 
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metal. lie may find that the rolling operation was 
done at either too low or too high a temperature, 
causing (he grain sizes to he much too large; and 
he may discover that the normalizing treatment did 
not correct this fault, for grain size number 2 ap¬ 
peared instead of size number 7 or 8. (Figures 7 
and 8 illustrate this difference.) Experience has 
proved to the metallurgist that large grain sizes 
tend to absorb neighboring atoms into the struc¬ 
ture. If a barrel were composed entirely of grains 
of the same size and arrangement, and of the finer 
sizes, all unstrained, then all the grains would pos¬ 
sess equal vibrating tendencies and no changes of 
groups from such a barrel would occur. Therefore, 
the finest grain size and arrangement of the crystals 
should be in evidence, giving the metal toughness 
and strength in order that it may he able to yield 
at will during the passage of the bullet through the 
bore, and settle more quickly to a set position after 
each shot is fired, even though the heat of the pow¬ 
der gases and the friction of the bullet in its pas¬ 
sage are the most illustrated factors controlling ac¬ 
curacy. 


operation in a cold stale may be eliminated; for if 
straightened cold, stresses and strains of the worst 
kind arc likely to develop, and these are difficult to 
remove even by a stress-relief treatment. Such 
stresses will remain in the finished barrel for a long 
time, unless it is artificially seasoned by its owner. 



Stress-Relief Treatment —The mere effect of per¬ 
spective observation is a powerful cause of illusion. 
It is better now to carry the romantic vision of the 
operations in the forge shop away with us. than to 
follow the barrels to the cold straightening opera¬ 
tion. We cannot resist the temptation to suggest 
that barrel forgings should be straightened hot un¬ 
der a drop-hammer after coming off the rolls as 
nearly straight as possible, so that the straightening 



Fig. 9 

Discovering the coarse microstruclure In steel 


Fig. 10 

The microstruclure of overhoated steel 


Discouraging as it may seem, there arc times 
when a shop has a run of bad barrels; they “crop 
up,” and the deferts are not discovered until the 
cold straightening of the forgings takes place. 
Those bent in the center are straightened in a spe¬ 
cial press in which a ram operated by air is used to 
remove the kink or bend, as the forging rests upon 
two V blocks. Should a number of such barrels re¬ 
quire this undesired operation, it is natural to be¬ 
lieve that they will continually change their center 
of groups when finished into completed guns. 
Strange as it may seem, these forgings are not now 
given a stress-relief treatment, though it would cer¬ 
tainly seem desirable to do everything possible to 
remove the stresses and strains formed in the metal 
by this straightening operation, so that the steel 
would remain in nearly a certain set position re¬ 
gardless of the number of shots fired from the bar¬ 
rel. 

A new gun, regardless of its kind or caliber, is 
often disappointing. All that we can reasonably 
expect is fair results, for the steel in all new barrels 
has a natural grain growth or tendency to grow 
larger and move in various directions, due in part 
to not being properly stress-relieved at the factory. 
Extensive experiments on this subject were made 
on the lype-II Cummins injector bodies—length Sli 
inches, and made from T-I350 steel without a 
stress-relief treatment—to secure a fair estimate of 
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Fig. 11 

The microstructure o! ateel showing incomplete heat treatment 


the structural changes taking place in the metal. 

The first course of these experiments required 
three weeks to find three near-perfect injector bod¬ 
ies out of hOO produced in that period of time, in¬ 
jectors in which the holes were without a blemish, 
and were straight, with gauges that were perfect ac¬ 
cording to a set standard. The holes in the three 
bodies measured 0.37520 inch, and were fitted with 
perfectly lapped plungers which measured 0.37500 
inch; this allowed a tolerance of 0.00020 inch be¬ 
tween body and plunger, and allowed them to drop 
through the hole in the body by their own weight at 
room temperature. The three bodies and plungers 
were placed at nine o'clock in the morning of De¬ 
cember 5 in a holder which held both bodies and 
plungers in a vertical position in a room heated to 
72 degrees F. during the day. At 4 p.m. of the 
same day, one of the bodies proved to have de¬ 
veloped a kink which did not allow the plunger to 
slip freely through the bore without the aid of a 
J^-inch steel ball placed in the radius on top nf the 
plunger. This body was marked number I. On 
the morning of December 6, the second body, and 
also the third, now possessed bad kinks, which 
would not allow the plunger to slip through the 
bore without the aid of various-sized balls, some as 
large as 1 '/z inches; whereas, those two bodies had 
been perfect in the afternoon of the 5th. It may be 
mentioned that all three bodies varied in hole 
straightness over a thirty-day period; and to our 
surprise, body number 1 came back to its original 
straightness, while the other two continued in a 
warped condition. And the warp proved, from 
various experiments made, to be always in a spiral 
direction; that is, the indications of the warp were 
influenced to move in a spiral direction, proving 


that stresses and strains in steel are released in a 
spiral, and remain in that form even when time 
alone does the seasoning, whether in a gun barrel 
or in a highly finished hole in an injector body used 
on a diesel engine. 

To obtain the proper results in an experiment of 
this nature, of course, the room temperature should 
be held to within two degrees above or below 70 
degrees Fahrenheit during the whole twenty-four 
hours. Even though the experiments were con¬ 
ducted during the cold of early December, and a 
wide range of temperature existed, the fact is that 
thev were carried out under about the exact con- 
ditions which a rifle would encounter in the hands 
of its owner. The tests also proved that there ex¬ 
isted too wide a range of grain size of the crystals 
under the microscope; the grains were rubbing 
against each other in the entire length of the bod¬ 
ies, never allowing the atoms to come to rest. In 
order that the atoms may come to rest, the steel 
must he given a stress-relief treatment at a temper¬ 
ature between 200 and 400 degrees below the tem¬ 
pering treatment. 

Other special tests which we carried out at the 
Springfield Armory proved that it required a pres¬ 
sure of 1100 pounds to the square inch to force a 
minimum bullet through a maximum barrel (tests 
upon Model 1906 barrels); whereas, it required a 
pressure of over one ton (2000 lbs.) to force a max¬ 
imum bullet through a minimum barrel. 

It is always a mistake to think that the barrel is 
a rigid body incapable of bending; it is very sensi¬ 
tive to stress movements—to the pressure of the ex¬ 
plosion, the pressure of the bullet as it is driven 
along the surface of the bore, and the unequal out¬ 
side pressure of the stock and the clamps that hold 
the stock to the barrel. To prove this, clamp your 
action and barrel in a milling-machine vise, or in a 
vise upon a solid bench, allowing the barrel to 
swing free in spare, and then gently tap the muzzle 
with your fingernail. The muzzle vibrates like a 
tuning fork! You may not believe it, but the bar¬ 
rel will bend perceptibly under pressure which can 
be put on it by the fingernail. It is like any other 
metallic rod or tube. A gun barrel vibrates even 
when struck bv the finger, but owing to its tapered 
sectional area, it does not have the same vibrations 
that arc found in a straight metallic rod. When 
the seasoning treatment takes place (we shall come 
to that a little later), it is these vibrations that we 
are trying to control by a simple elementary treat¬ 
ment. The object is to allow the metal crystals, in 
their relations to each other, to be lubricated, so to 
speak, in order that they shall always return to 
their original positions. 

From such a simple experiment it can readily be 
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seen that the shock of the explosion sets up all these 
vibrations much more forcibly than the fingernail. 
The whole barrel vibrates, most violently at the 
muzzle, less so at points near the breech, while the 
latter remains still, for it is the point where it is 
fixed—the receiver. The frequency of the essen¬ 
tial vibrations depends on the design of the barrel 
and the metal allowed along its entire length of 
taper, for the fixed ratio of the vibrations is gov¬ 
erned by the taper design. In all good barrels we 
find that the vibrations are evenly distributed along 
the entire taper, and the friction of the bullet does 
not exert such an influence. 

Of course, the bullet, when shot in any high- 
velocity barrel, fits the bore tightly, makes a per¬ 
fect seal between bore and bullet, and in doing so 
creates a high degree of friction during its passage. 
If there is any increase in the amount of force re¬ 
quired to urge the bullet through the bore, the in¬ 
creased friction will naturally affect the metal, caus¬ 
ing it to yield to a certain degree along the entire 
length of the bore before the bullet ever reaches the 
muzzle; for the vibrations travel much faster than 
the bullet. These vibrations, reaching the muzzle 
ahead of the projectile, naturally cause the target 
groups to vary in relation to the distance shot. In 
other words, the barrels vibrations are a reflection 
of a controlling factor, and not a prevalent error. 

If we follow a barrel after it has left the Pratt 
and Whitney gun-barrel drilling machine, we can 
readily see that unless it receives the proper stress- 
relief treatment all the strains in the metal will re¬ 
main active and become greater as the rest of the 
operations arc performed. It is important to bear 
in mind that the more the barrel is handled in the 
machining operations, the worse the strains will be¬ 
come. The removal of metal by the reamers, the 
engraving of the surface of the bore, the turning 
and grinding operations, all tend to release stresses 
and strains from the center of the bore to the outer 
diameter, causing kinks and bends to run in a spiral 
direction between bore and outer surface of taper; 
and all this tends to give a false impression be¬ 
tween the fit of the bullet and the established tol¬ 
erance in the bore. Whenever an extremely good 
barrel has been found—a barrel in which a 0.0002- 
inch tolerance has been established between the 
gauge and bore, and from breech to muzzle, without 
kink or bend, a hole in which a plug gauge five 
inches in length will slip through perfectly without 
binding along its passage—whenever such a barrel 
is found, you may be sure that it has been stress- 
relieved by the proper degree of heat in a furnace. 

Seasoning a Gun Barrel —In a gun shot over 
a long period of time, the metal becomes seasoned 


by the expansion caused by the maximum bullets 
shot through the bore. The ever-present stresses 
and strains in the molecular structure of the metal 
have come to rest, and an artificial stress-relief 
treatment at this stage is, of course, too late to be 
given any consideration. Experience has convinced 
us that rifles and shotguns, if kept in use, become 
seasoned by time alone. Like good whisky, they 
improve W'ith age; a rifle barrel improves with 
shooting—if it has proper care at the hands of its 
owner. A gun barrel will not really settle down to 
perform good shooting until a number of boxes of 
ammunition have been shot through the bore; and 
in many cases, the stresses and strains which were 
first detected in the metal will then have come to 
rest. But an artificial method should, in many in¬ 
stances. be employed to season a new rifle barrel if 
it is to be used on the target range. Jf a new barrel 
does have a tendency to be continually changing its 
center of groups, a “seasoning'’ treatment should be 
employed. 

Every one who is acquainted with firing a high- 
velocity gun slowly, that is, three or four shots per 
minute, knows that the barrel can then be handled 
without fear of burning one’s hand; but if fired as 
many as twenty shots per minute, it will blister 
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A cleaning tube with funnel is an aid in the seasoning 

treatment 


one s fingers, and .above that number the barrel be¬ 
comes very hot. One hundred rounds of high-ve¬ 
locity ammunition can be fired without any more 
injury to the barrel than a slight discoloration of 
the finish. To heal a barrel for the “seasoning” 
treatment by the use of ammunition, therefore, 
would be rather expensive; and it would be almost 
impossible to secure the correct temperature ;n a 
caliber .22 barrel to season it by this method. A 
more logical method is to use an electric furnace or 
a gas range, in which it is possible to encircle the 
whole barrel and regulate the temperature between 
325 and 375 degrees F. Of course, whatever means 
are employed to heat the barrel, the rifle must be 
stripped of all its parts, and only the barrel and ac¬ 
tion left intact. 

The only rational way of treating a barrel is to 
heat it, and we shall assume that the barrel has 
been subjected to the required degree of heat, either 
by some artificial process, or just by firing a num¬ 
ber of shots through the bore to secure a barrel so 
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hot that the hand cannot touch it without fear of 
badly burning the flesh. If the latter method is 
used, the bolt must be removed, then water poured 
through the bore with the aid of a rubber hose con¬ 
taining a cartridge in which the end is drilled, and 
a piece of tubing soldered therein, long enough to 
clear the end of the action, or with the aid of a 
cleaning tube and funnel. Start the water through 
the bore very slowly at first, continuing until steam 
no longer forms, then allow the water to flow more 
rapidly until the outer surface of the barrel is really 
cold. In some cases it will be found necessary to 
apply this treatment as many as ten times in order 
to secure the results desired ; but as a rule, three or 
four such treatments will produce unexpected re¬ 
sults. 

There is little to be gained by employing this 
seasoning process upon defective gun barrels, those 
made from bad pieces of steel, or those which have 
been straightened often during the sequence of op¬ 
erations. Neither do we recommend a seasoning 
treatment for an old barrel, or for a shotgun or a 
revolver; for in such weapons the human element 
enters into the picture too strongly. A shotgun 
must be considered as a “scalier gun,” and to pour 
cold water through the bore would only remove the 
powder residue; for the slightest amount of set, if 
it could ever be measured, could never be noticed 
in terms of accuracy. As for a target revolver, even 
though it were placed upon the finest machine rest, 


and extensive firing trials were made and the results 
analyzed, there would be no results worth recording. 

The habit of looking through rifle barrels has 
caused many sportsmen to find imaginary' things, 
one of these being the straightness of the bore. The 
sportsman, by using his imagination, has never yet 
been able to discover a crooked or bent barrel, that 
is, a badly kinked one. Such barrels may outshoot 
the straightest barrel ever made. It is not, as many 
suppose, the crooked or kinked barrel which causes 
the most trouble: it is the one possessing unsettled 
strains in the metal; the unseen factors which are 
too great for the average person’s comprehension, 
but often come to light after a few shots are fired 
by those possessing technical knowledge. 

There are, of course, some unavoidable manu¬ 
facturing conditions existing in all plants where fire¬ 
arms are made, and some defective gun barrels arc 
bound to be found by those who are very alert—the 
best of target shooters. Were this condition to oc¬ 
cur frequently, the manufacturer’s final loss would 
be greater than his profit. But manufacturers are 
bound by necessity to inspect all guns made, and to 
make them capable of good shooting. If a new 
gun is only worth what can be shot with it, it is 
equally worth only the expense of energy to place it 
in the best of shooting condition, and a seasoning 
treatment will naturally earn that for any new tar¬ 
get rifle. 



CHAPTER V 


Producing Finishes and Surfaces 
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L IVING with guns represents love for an art and 
/ a pleasure of a very high order. Every sports¬ 
man who purchases a firearm of any kind satisfies 
this desire by living, as we may say, in his own 
small world, for in mind he is often completely ab¬ 
sorbed in antique arms of the past, or in gun design 
and progress of the present, thus developing a cer¬ 
tain insight into an art which would require a life¬ 
time for others who are lacking in this interest or 
even incapable of analyzing what he has gained in 
wealth—contentment of mind. 

To a gun lover, one single hour among his guns 
at the end of the day is worth more than an entire 
day spent at golf, in business, a trade, or a profes¬ 
sion. Looking for the secret of this curious interest 
and source of pleasure, we find that what this man 
really enjoys is the excitement produced by exam¬ 
ining the finishes and surfaces of old and new guns, 
and by testing his imagination upon the methods 
used by men who made such works of art, yesterday 
and today. 

It may he that the sportsman of gun lore is noth¬ 
ing more than t he helpless victim of an irrepressible 
appetite, a person for whom intellectual gun intoxi¬ 
cation begins as a pleasure and later becomes the 
compelling force necessary to make his whole life 
complete. Some may wonder why any rational per¬ 
son, finding himself sinking into such a regrettable 
condition in early life, did not receive some severe 
discipline, verging on the patriarchal or autocratic 
type, which would have compelled him to concen¬ 
trate on the better things in life—automatically 
excluding guns. But, whether it be guns or fishing 
rods, those things which are capable of bringing him 
to the outdoors are the things which arouse such a 
young man’s interest, quicken his enthusiasm, raise 
his energies above the dead level of mere animal 
existence—and help to make him a sane and intelli¬ 
gent man. 

As no man can put new wine into old bottles, so 
no one can hope to put different beliefs into young 
men who are unable to enjoy life without firearms. 
That, at any rate, is what the study of the dyed-in- 
the-wool gun-minded enthusiast has taught us. If 
we have misinterpreted the recorded lives of sports¬ 
men throughout the centuries, we have not done so 
with wilful intention. 


Charm of a Beautiful Finish —Should finely 
designed and constructed sporting firearms he 
ranked among the world’s art objects—tilings of 
beauty created by skilful craftsmen? Certainly 
they are objects of finished craftsmanship created 
with individuality and distinction. It should not be 
very difficult to give credit and honor to the gun- 
makers who so cunningly conceived and admirably 
completed the finishes on finely made guns, thus 
meeting the critical demands of those who select 
them. 

Who can disregard the powerful personal element 
entering into the execution of the examples of beau¬ 
tiful gunmaking from the present day down to more 
than a century ago? Who can resist the attributes 
of elegance, the outstanding external finishes applied 
by hand work to steel and wood, which are revealed 
in such guns, and illustrative of the critical selection 
for those of our era? To the sportsman who may 
be a lover of choice guns, all such weapons speak 
with a strange, magical, and bewitching tongue. In 
all of them he recognizes the expression of genius, 
the creations of master gunsmiths, whether they be 
rifles or shotguns, or the accessories found in the 
leather cases which are so vital to the complete ser¬ 
vice of such weapons in the field. Tn such leather 
cases, whether old or new, the sportsman of appreci¬ 
ation sees the results of much forethought in design¬ 
ing proper cleaning equipment, and for the older 
arms the necessary loading tools; there, too, he sees 
the gun’s form: the contour of the action, the sights, 
everything is there in finished outline, for the wood 
in the stock and forearm does carry rich pigments, 
beautiful streaks of brown and black, of twisted rip¬ 
ples seen only in gun-stock woods grown either in 
southern France or Italy, and finished by nature. 
Today, as yesterday, the growers of walnut trees in 
southern Europe cultivate their trees lor gun stocks, 
obtaining the ripples or wavy form of “coon-tail 
effect” by wrapping chains around the trunks and 
allowing these to remain until the growth of the tree 
has embedded them to a certain depth, only to re¬ 
move them and relocate them again between the old 
indentations to make the finishes complete when 
formed into a gun stock. After such trees are cut, 
seasoned and sawed out for stocks, the spiral-like 
streaks arc to be found close together, and inter- 
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mingled with colors which can be finished only by 
nature’s handiwork. The chains are the instrumental 
means of enhancing nature's finishes in order to 
please the senses of the critical lover of firearms. 

We ought, nevertheless, if we desire to think ac¬ 
curately, to know that there are two separate senses 
in a sportsman, the first of which detects a thing 
finished, and the second detects it well finished, 
internally and externally. The first refers to the 
mere neatness and completeness of actual hand 
labor, as we speak of a well-finished gun, or the 
optics in a telescope; and the second is a sense 
which refers to the effect produced by the thing 
shown; thus we may call a high-priced British shot¬ 
gun well-finished in all details, whether on the 
interior or exterior surfaces, because it produces the 
effect of reality on the mind of the observer. 

The way we all really act with regard to the sen¬ 
sations produced by the appearance of finishes is 
this: A high polish on any of the essential working 
parts of a firearm, including the interior surface of 
the barrels, docs not necessarily mean that all 
parts contain a good surface finish. Nor does it 
mean strength of surface similar to the much-abused 
expression, “mirror-like polish/’ a surface which one 
will judge very quickly by observation, for with 
the aid of the microscope one reviews all tlie marks 
of the workman’s ingenious methods of securing 
a deceiving polished surface. Nor does it mean the 
usual lapped finish, that which we often see upon 
the interior surface of finely made shotgun barrels. 
A finished surface to any part of a firearm should 
mean that dull-appearing surface which will take 
a natural polish: for a surface which is not com¬ 
pletely free of deep scratches and any tool's harm¬ 
ful effects to cause surface fractures will rellcct 
light, and this in turn produces the effect of deceiv- 
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Fig. 13 

A perfectly finished surface without a scratch in evidence: 

100 X, unetched 


ing reality upon the observer, for such a surface can 
never be made into a ‘ mirror-like polish.” When 
a surface is viewed under the microscope, it should 
appear fiat without any exaggerated superficial 
traces of ‘ hills or hollows” such as arc made by 
abrasive materials. Figure 13 show’s a perfectly 
finished surface as seen under the microscope, with¬ 
out a scratch or a fracture. The small specks which 
the eye discovers are nonmetallic inclusions, but so 
minute in size that the metal is considered the best 
and of airplane quality. 

Discovery of the Spiral-Fluted Reamer —Met¬ 
allurgists, with the aid of their microscopes, have 
a great advantage over the toolmaker with his 
small magnifying glass to detect the faults of ream¬ 
ers, particularly straight-fluted reamers used for the 
purpose of reaming gun barrels. A common vice 



Fig. 14 

Tho spiral fluted reamers of % and inch diameters 


of straight-fluted reamers is the false impression 
they leave on the surface of the hole they ream, but 
the worst vice of all is their tendency to fracture 
the surface of the metal they ream to a depth be¬ 
tween 0.003 and 0.007 inch; when such parts are 
hardened, there will appear, in many cases, surface 
ruptures and seasoning cracks. 

After this had been discovered, experimental de¬ 
velopments were started on a spiral-fluted reamer 
to correct such faults (illustrated in Figure 14). 
Had it not been that the diesel-engine injector body 
required a highly burnished hole, a reamed hole in 
which all surface fractures had been completely 
eliminated to correct the vices of erosion and cor¬ 
rosion—a far better finish than that given to gun 
barrels the special spiral cutting reamer probably 
would never have been brought to light. 

This discovery required two years’ study and ex¬ 
perimenting on methods of securing a reamed hole 
which w’ould be highly finished. After all other con¬ 
ditions had been attended to—the selection of the 
proper steel, heat treatments of the same, and stress- 
relief treatments—experiments were made on vari¬ 
ous types of cutting angles on reamers with a spiral 
cut in the flutes, using from one turn in 3 inches to 
one turn in 9 inches, and made with odd flutes. 
The odd flutes consisted of 3, 5, and 7 cuts along 
the circumference of the reamers, in order that no 
two flutes would be cutting from opposite sides and 
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hinder the efficient cutting of the metal in contact, 
having in mind to produce a chip from the cutting 
edges in a curled form similar to those produced 
from a well-ground lathe tool. Applying our 
thoughts to this purpose, we found at last that a 
spiral of one turn in 5j4 inches produced the effects 
desired, but to our surprise chips were removed in 
a curl-like form, and in lengths as great as 12 
inches, from the diameter of a J^-inch hole in which 
only 0.002 inch stock was left for this reamer to 
remove. This meant that the cutting edges removed 
only 0.001 inch of metal from the circumference of 
the hole, proving also that whenever a 12-inch 
length of chip could be removed, the surface of the 
metal had not been fractured in the complete length 
of hole reamed. Whenever the interior surface of 
metal is left in such a state, it is possible to secure 
that “mirror-like polish” in any hole, especially 
when a scrape-reaming operation follows such spiral 
reamers; that is to say, by using spiral reamers for 
the roughing operations, the scrape reamers are 
capable of producing a perfect finish when viewed 
by the naked eye from each end of the hole. 

There is hardly a reamer to be found today that 
is not a straight-fluted reamer, whether used for 
reaming a caliber .22 rifle barrel or a 16-inch can¬ 
non. The fundamentals of the cutting efficiency of 
the special spiral reamer will vary greatly in com¬ 
parison to the work produced by the straight-fluted 
reamers, especially when wc demand of the bore 
surface in gun barrels the best possible finish, and 
these requirements branch out to various industries, 
particularly in plants where airplane engines are 
made. To the minds of many, reamers are just 
reamers, without any practical thought as to their 
vices in a piece of steel; the reamer is only a tool to 
them, a tool which will ream a hole to a given size, 
without taking into consideration whether the parts 
reamed are subjected to fatigue, corrosion, or the 
stresses and strains in the metal which are released 
by a heat treatment, and which may rupture the 
surface reamed to a greater depth. Of course, 
straight-fluted reamers are used largely because of 
the ease with which they can be made in the average 
toolroom, and the cheapness with which the stand¬ 
ard sizes can be purchased through tool catalogues. 
But whenever a part must withstand great fatigue 
strains, as in a gun barrel or an airplane-engine 
part, or where the parts may or may not be heat- 
treated later, regardless of the kind of steel used, 
a spiral-fluted reamer should be employed, in order 
that those parts reamed will not show any minute 
fractures surrounding the circumference of the hole. 
Today, there should exist some improvements in 
our antiquated methods of reaming, particularly in 
the reaming of gun barrels, of airplane-engine parts, 


and even of common engine parts in a motor car. 
The following rules, therefore, should apply in 
general: 

(1) Avoid the use of straight-fluted reamers in all 
deep-hole reaming; namely, in small-arms gun 
barrels, heavy and light cannon, propeller and 
cam shafts, etc. 

(2) Avoid the use of straight-fluted reamers on 
parts subjected to fatigue stresses and strains. 

(3) Avoid the use of straight-fluted reamers on 
parts which may be subjected to erosion and 
corrosion. 

(4) Avoid the use of straight-fluted reamers on 
parts which are to be heat-treated. 

(5) Avoid the use of straight-fluted reamers in steel 
low in either Brincll or Rockwell hardness tests 
if perfect internal finishes arc desired. 

Since there are so many factors affecting the 
“fatigue limit” of complicated parts which contain 
a reamed hole, reamers must be selected which will 
reduce all serious failures which may be anticipated, 
especially in parts that have an important role to 
perform. The ability of steels to resist localized 
concentration of minute fractures, such as are usu¬ 
ally found in the circumference of a reamed hole, 
may not be so great when the alloy steels are used, 
compared with steel found in the lower-numbered 
brackets; and whenever such steels are carbonized, 
the failures resulting are soon proven by the aid of 
the microscope. But, regardless of the steel selected 
for a given part, surface fractures usually appear in 
great numbers in certain concentrated areas of the 
metal, and usually increase in depth whenever a 
heat treatment is given to that particular part. 
Also, corrosive environments embed themselves in 
such fractured surfaces, and will appreciably 
shorten the life of any steel parts under fatigue 
stresses. The extent of the life of a rifle or machine- 
gun barrel depends upon the perfect finish within 
the bore, for powder gases have the ability to cut 
away the metal carbides between the crystals, thus 
leaving deep grooves in the structure of the metal, 
especially in the bullet seat, that location where the 
bullet enters the rilling. Contrary to the opinion 
long held by many metallurgists, we find that it is 
not possible to secure a near-perfect surface when¬ 
ever the conventional straight-fluted reamers are 
used. A metallurgist has, of course, his own theory 
of what a reamer should accomplish in a piece of 
steel, hut the choice and nature of the holes that 
are produced should not be matters of theory. 

When a gun barrel fails—a barrel which has beer, 
reamed with the conventional type of reamer, and 
which has been subjected to the repeated strains 
and stresses of overloads of cartridges—the metal- 
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lurgist seldom looks for the minute fractures sur¬ 
rounding the circumference of the hole by cutting 
out his specimens from that locality, nor does he 
stop to think that the structure of the metal may 
have been damaged by the reamers during their 
passage through the bore. The usual explanation 
of such damage is that the steel was ‘‘crystallized*’ 
in the hardening operation. It is known by all 
metallurgists that metals are crystalline in nature; 
but failure would not occur so readily from the 
inside if some mechanical part had not contained 
hundreds of minute fractures, and hundreds to a 
depth greater than 0.007 inch. In the process of 
reaming steel, particularly parts which must be sub¬ 
mitted to fatigue hardships, we are bound to elimi¬ 
nate all the internal minute fractures of the metal 
surrounding the diameter of the hole; and this ap¬ 
plies not only to a gun barrel but to the largest 
propeller shaft used on an ocean liner. Clearly, the 
danger lies in the rubbing together of the crystals 
which are located around the ruptures, and which 
increase in depth hy fatigue strains, until at last the 
fracture of the part occurs. It is those fractures 
which may cause a vital part of a gun to go ‘'bad” 
so suddenly. 

Whenever internal-surface fractures are found 
under the microscope, they are the result of the 
straight cutting edges of the reamer’s flutes break¬ 
ing off the chips rather than shaving them away 
from the surface they contact. Reamers of this 
type naturally fracture the structure of the metal 
between the crystals, producing an effect similar to 
that characteristic appearance of a freshly planed 
surface of a pine board run through a jointer which 
carried extremely dull blades. Therefore, when¬ 
ever a reamed hole is only judged by the naked eye, 
it is not possible to observe the minute defects left 
by tlie conventional type of reamer, for specimens 
must be prepared and viewed under the microscope 
for surface defects; and it is only in such a manner 
that we might become familiar with the finishes pro¬ 
duced, and the exact damage to the surface of the 
metal by the reamers employed. A reamed surface, 
when viewed under the microscope, should be free 
of all fractures, and specimens should be so pre¬ 
pared that the edges of the hole from the center can 
be readily explored; and when etched, all exact 
vices are very plainly detected, especially when 
viewed under different magnifications. 

Of course, under various magnifications, all kinds 
of internal-surface imperfections can be found, 
which are difficult to eradicate without employing 
burnishing or scrape reamers, reamers which have a 
scrape cutting edge, and which are illustrated on 
pages 121 and 122. Volume II. Regardless of the 
type of first reamers employed for the roughing 


operation, scrape reamers must be used to produce 
a very high surface finish, and an exact size, as in 
the case of a rifle barrel. In the manufacture of 
gun barrels, of course, three scrape reamers are used 
to produce a finish and a correct gauge size, but 
they are unable completely to eliminate the frac¬ 
tures caused by the straight-fluted reamers. When¬ 
ever much finer finishes are required, a spiral fluted 
reamer must be used with a sufficient oil supply so 
that the flutes may not labor under operation, and 
so that the curled chips may come away from the 
flutes with the utmost freedom, as a curled shaving 
comes away from the blade of a keen cutting edge 
of a carpenter's plane, whether under a heavy or a 
light cut. 

Lapping —It should be remembered that sur¬ 
faces which cause friction must be transferred from 
raw-machined and process-finished surfaces to limits 
terminating in a solid surface capable of reducing 
friction to a minimum, especially in a gun barrel 
and all the working parts of a firearm able to main¬ 
tain an adequate and suitable oil film. This subject 
should be of paramount interest to those who make 
rifle and shotgun barrels, and yet it is one about 
which very little is known definitely, as we have 
already pointed out. It is a proved fact, that mini¬ 
mum friction to the passage of the bullet through 
the bore of a rifle barrel is obtainable only when 
the projectile makes its starting flight with complete 
freedom after the rifling is first engraved upon the 
bullet’s bearing surface. The bullet then responds 
to an independent velocity without being retarded 
by the file-like appearance at the top of the lands 
(which can be discovered by the aid of the micro¬ 
scope), and which removes minute particles of metal 
at the bottom of the grooves engraved in the bullet. 
It is the pointed, sharp surfaces of the file-like mi¬ 
nute scratches that peel off the metal and produce 
abrasion, so by removing these by a lapping opera¬ 
tion, if found necessary, the life of the barrel may 
be multiplied a number of times. 

Lapping to produce a fine finish to the interior of 
a fowling piece or a smooth-bore musket is probably 
one of the oldest arts in gunmaking. In other 
industries, today, it is used in the production of 
optical work of all kinds, and in the toolroom on 
precision tools and gauges. 

Of course, it is entirely different from all other 
mechanical operations for producing a finish in that 
lapping is limited to the use of powdered abrasives, 
from various grades of emery powder, diamond 
dust, to that of finely powdered rouge. The abra¬ 
sive materials are usually mixed with different types 
of carriers such as oil, grease, etc., and charged into 
the porous surfaces of hard woods, cast iron, brass, 
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lead, etc., together with the lubricant and used to 
lap various parts of guns, including the barrels. 
Today, in mass production of firearms, all parts are 
either turned, reamed or ground to size, and a lap 
is very seldom used on a rifle barrel. 

For most commercial purposes it is too expensive 
a method to be of much value, except in the tool¬ 
room and in the small experimental shop of the gun- 
craftsman. Lapping is something that requires the 
greatest amount of personal skill and experience for 
the production of finishes. Tt is a very slow and 
precise operation in securing exact measurements, 
and the resultant finishes depend upon the experi¬ 
ence and ability of the mechanic handling the laps 
and abrasives. Even the experienced mechanic gen¬ 
erally leaves a finish of minute scratches over the 
entire surface of the work—scratches so fine that 
the naked eye cannot detect them. Yet they are 
easily measured or photographed, and a photo¬ 
micrograph of the ordinary lapped finish at 50 
magnifications indicates the surface to be a minia¬ 
ture surface of a skating rink in January. Yet it 
does not require the aid of the microscope to meas¬ 
ure surface smoothness as we do it in the laboratory, 
for the ball of the finger can be used, or the finger¬ 
nail, the edge of a coin, the use of a thin nonmetallic 
edge, the naked eye, and the edge of one’s front 
teeth. Of course, the latter method cannot be used 
on any large parts, except by those who happen to 
have false teeth, and then they would have to be 
removed to perform the operation This method is 
not advised in public. 

American vs. British Finishes —Wc arc all 

aware of the singular advance made within the last 
half century in the United States in the gunmaking 
industry. Yet, apart from all the modem improve¬ 
ments, the problem of the “finishing” of firearms 
has been sadly neglected, internally and externally. 
The finishing on American firearms when compared 
to that on all British makes is neither as substantial 
nor as lasting. It is evident, to begin with, that 
American guns have two forms of finishing—a use¬ 
ful finish and ,a useless finish. This distinction, 
which can more or less be detected, may be further 
defined as “substantial finish” and “apparent finish,” 


or, more bluntly, “lasting” and “deceiving.” So far 
as the finish is contrived for the purpose of deceiv¬ 
ing, we have nothing to say against it, because it 
serves a purpose at the price paid. But there is a 
form of vanity which displays itself in an attempt 
to give the outward appearance of firearm dura¬ 
bility to a finish that will not survive hard handling. 
Yet, when such a gun is purchased, there is much 
in this finish to be admired—until it begins to wear 
off by hard usage. The finish on most British guns, 
on the other hand, is completed for the purpose of 
lasting, and we find much to be said in its favor; it 
has certain qualities—smoothness and fineness to a 
certain degree, and a texture which would be worthy 
of admiration on any kind of firearms, for it has 
been placed on the exterior by acids, and then fin¬ 
ished by a burnishing operation—quite unlike the 
finish upon the majority of American guns, which 
has been produced in a day by the fumes from 
chemical compounds. 

Our best finishing process by chemical compound 
is by no means a coarse one, but it can deceive the 
inexperienced. For we may be able to smooth the 
surface, externally and internally; and, externally, 
soften the outlines round barrel and action, but if a 
good magnifying glass is used on our miracle of fac¬ 
tory skill, the visible finish on the metal in all 
details will appear incomplete; the pores in the 
stock and forearm will appear partially unfilled; the 
oil finish, which requires from three to four weeks’ 
time, is hurried—completed, as it shows, in a day. 
When it comes to a comparison of American with 
British guns, it seems as if the British gunmakers 
are capable of producing a much better finish than 
our gunmakers. The higher-priced the American 
gun becomes, the higher the finish and ornamenta¬ 
tions, and the same is true of the interior of its 
mechanism. But it is not high enough to warrant 
a sportsman's paying the higher price when he can 
select a standard gun and have the ornamentation 
executed to suit his own taste and liking; that is, 
the engraving more in keeping with his idea of intel¬ 
ligent expression. Nevertheless, good American 
firearms do exist. They are all about us, and sports¬ 
men are justified in making their own critical selec¬ 
tion, for it is their money which they spend. 
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Essential Results of High-Velocity Experiments 


E APPARENTLY must admit the inherited 
stupidity of nations in failing to arm them¬ 
selves intelligently. That stupidity is evidenced 
by the creeping slowness with which medieval men 
improved their means of warfare when opportunities 
for improvement lay all around them waiting to be 
observed and embraced. Again, it is evidenced by 
our own failure to gain the most for the proper de¬ 
fense of our nation from the opportunities offered 
by men of science, particularly in employing them 
constantly in experimental development and re¬ 
search. Viewing the improvements made in military 
weapons year by year, it is true, one can see a pro¬ 
gressive betterment—at a tremendous cost. But 
the ways of the pasl are too slow for the present 
age. 

We have recently become seriously thoughtful 
of our responsibilities regarding defense prepara¬ 
tions. We can now be properly optimistic as to the 
changing design of weapons necessary for our com¬ 
plete protection from the air. We have also become 
alert to the importance of complete efficiency of 
higher velocities in all calibers of guns. 

Optimism, however, must have a solid basis if it 
is to be of any help to us in this emergency. One 
of the weakest points in our present preparedness 
campaign is due to the failure of our army and 
navy officers to foresee the possibilities of higher- 
velocity projectiles and to perfect the manner in 
which they can be perfectly controlled over long 
ranges. True optimism arises from courage coupled 
with knowledge through which difficulties and pit- 
falls are foreseen and guarded against. Our military 
and naval experts have large departments at their 
fingertips, so to-speak, but these arc not always 
used to their full capacity. It is important for us 
to understand fully the need of entrusting all such 
research and experiments to efficient employees 
rather than to army officers who are changed to 
other posts every four years. 

The Geriich Gun —Before proceeding to discuss 
high-velocity research and experiments, it is desir¬ 
able for us to review our file marks in a research 
engineer’s habitual manner. The story begins with 
the way in which a high-velocity gun was discovered 
by German army officers, and how, from this discov¬ 


ery, arose the guns which are now employed on the 
Channel coast line of France to shell England. 

To make the picture more complete, it will be 
necessary to review one of the most essential devel¬ 
opments made on higher velocities over the conven¬ 
tional types of arms and ammunition. Geriich, a 
German inventor who was the originator of the 
tapered rifled barrel and finned bullet, tried for 
many years to interest various European nations, in¬ 
cluding his own, in his high-velocity invention; but 
he failed in all his attempts. In 1932 the United 
States Army became interested in his idea and 
thought of purchasing his patent rights, provided it 
were possible to secure the velocities he had made 
claims for, which were supposed to be greater than 
6500 f. s. (foot-seconds). Paying Geriich s expenses 
to this country, the U. S. Army conducted firing 
trials with his original guns and ammunition, which 
he brought with him from Germany; but it was 
found to be possible to secure a velocity of only 
4500 f. s. For a period of four years the army 
worked upon his patent at a cost of many thou¬ 
sands of dollars, and then discontinued all experi¬ 
mental work because it was impossible to secure a 
greater velocity than that of his original guns and 
ammunition. Both the Dupont and the Hercules 
powder companies were called in on this problem, 
and they manufactured many different grades of ex¬ 
perimental powders, but failed to bring the veloci¬ 
ties up to the inventor’s claims. 



Tig. 15 

Tht Geriich high-velocity tapered rifled gun barrel 


Even though his gun had failed to produce the 
velocities that he had claimed, Gerlich’s ultra-high- 
velocity gun had many promising features. The 
interior of his barrel was made in three tapered sec¬ 
tions; that is, they were tapered rifled sections, con¬ 
sisting of a short tapered section at the rear, an 
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intermediate taper, and a straight cylindrical sec¬ 
tion of about 12 inches back from the muzzle, as 
illustrated in Figure IS. The rear taper in front of 
the chamber is enlarged to a caliber .35, and ends 
at the straight cylindrical diameter as a caliber .25, 
the two tapers and straight bore being rilled their 
entire length. The cost of all the experimental bar¬ 
rel work at the Springfield Armory was nearly $40,- 
000, which proved that the cost of manufacturing 
such barrels for military purposes would be prohi¬ 
bitive. 

After the Springfield Armory completed the Ger- 
licli tapered barrels, they were shipped to the 
Frankford Arsenal, which made the experimental 
bullets and conducted all firing trials and ballistic 
tests. The bullets fired in this rifle had two flanges 
which might be described as fins. These fins, in the 
beginning flight of the bullet, engaged the first taper 
in the groove diameter of the rifling, making a per¬ 
fect gas seal. (This bullet is illustrated in Figure 
16.) When the projectile leaves the mouth of the 
cartridge case, the fins gradually fold into the recess 
cut below the cylindrical diameter, and by the time 
it reaches the caliber diameter, it is delivered at the 
muzzle of the barrel as a solid bullet, and with a 
much higher velocity than can be secured with the 



Fig. 16 

The Gerlich two-diameter bullet, caliber. .35—.25. 

weight 100 grains 


conventional type of bullet. The firing of Gerlich s 
own cartridges, even loaded with German powders, 
developed velocities far below that which he him¬ 
self had anticipated, and all further experiments 
were given up. 

A High-Velocity Discovery —Life carries us 
much more toward experiments than toward perfec¬ 
tion, so that on January 2, 1937, I accepted a posi¬ 
tion at the Springfield Armory, and was assigned 
to the further development of a high-velocity gun 
and its ammunition. But I was to attack the prob¬ 
lem from a different angle than that specified in 
Gerlich’s patents, and was to secure, if possible, the 
velocities which Gerlich anticipated. 


Our experiments in the beginning were not en¬ 
couraging, for we used the same bullet as Gerlich— 
a two-fin bullet but reduced the caliber to a .30- 
.22; that is, we used the standard caliber .30 Model 
1906 cartridge case, and reduced our caliber to a 
.22 in the bore, using a bullet whose weight was 
over 60 grains. Success along these lines eluded us 
until we had reduced our bullet to 45 grains and 
used but one fin, with a fiber base over the rear of 



The two-diameter bullet with but one fin. and with fiber base 
attached, caliber .30—.22. weight 45 grains 

the bullet to hold it centrally in the mouth of the 
case and keep it centered in its passage through the 
gas-expansion chamber—the auxiliary chamber or 
tapered cone. (Figure 17 shows this bullet with 
the fiber base attached.) The complete details of 
all experiments leading to the high-velocity results 
will be given later in this chapter. 

Our experiments then produced results more 
quickly than we had ever expected. After centering 
our pressure gun on the screens, a velocity of 5122 
f. s. was recorded on the Aberdeen chronograph 
with a pressure slightly above normal, using a pow¬ 
der which was made for the Gerlich experiments. 
Many more shots were then fired, but, although the 
bullets penetrated both screens perfectly, and the 
needles on the chronograph issued sparks from 
both, there was only one shot that recorded a ve¬ 
locity, namely, 7100 f. s. From all the rest of the 
shots fired, no indications of the recording marks 
could be found, proving that the velocities were too 
high for the instrument to handle, or that the bul¬ 
lets had made such large holes in the screens that 
the wires were short-circuited, so that the proper 
contacts could not be made back to the instrument. 

Though we had secured these high velocities, the 
appropriations ran out on this order, and without 
the necessary funds to go any farther, I was as¬ 
signed to some of the more serious problems on the 
Garand automatic rifle, especially in regard to the 
receiver, which was causing difficulties for those 
who were trying to place it in production. Having 
become very much disgusted and discouraged with 
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the methods used in securing production of the re¬ 
ceivers for these weapons, I then severed my con¬ 
nection with the Armory in May, 1937. 

It is undeniable that it is very difficult to get 
either the Army or the Navy Department at Wash¬ 
ington to take much interest in new ideas, particu¬ 
larly in such a problem as higher velocities for all 
types of weapons after the failure made with Ger- 
lich’s patents. The remarkable results that I had 
secured in a period of six weeks were apparently 
wasted. Therefore, knowing military traditions 
from experience, I did not attempt to present the 
problem any further in this country, but was most 
fortunate in having the British Government become 
interested in my idea, and left for England in July, 
1937. 

Failure in England— The discouraging element 
of the situation was the fact that we did not com¬ 
plete our firing trials here, but went to England 
with two barrels with pressure gauges attached, and 
with a supply of bullets and cartridges. When we 
had been assigned to the Woolwich Arsenal, and our 
ballistic firing trials had been started, it was found 
necessary to ream the expansion chamber to a much 
greater length. This chamber had purposely been 
left short, for as the firing trials progressed it was 
to be reamed to the length which would give veloc¬ 
ity up to that secured in our original barrel. But 
after five shots were fired, the surface became ni- 
trided, or hardened, and the reamers brought along 
for this purpose would not cut the surface of the 
metal. Under such circumstances, I then returned 
home; not discouraged, but with hope that some 
day I could prove that my original ideas on high 
velocities were not to be just another foolish experi¬ 
ment. My faith was not shaken, though it had 
come up against some pitiless natural forces. • 

It requires considerable money to bring such- an 
idea to the front, and Ibis burden ought not to be 
shouldered by the inventor, especially when such 
weapons are efficient only in military and naval op¬ 
erations, and could never be used successfully as 
either target or hunting arms. As for the outcome 
of this endeavor, speaking generally, I should say 
that it was considerable, but incomplete; the re¬ 
sults attained, though far short of success, were 
more than worth the trouble and pains of a trip to 
England. If we did not get all the velocity we had 
counted upon, we did get very much that had never 
entered into our calculations, notably the respect 
and generous treatment of the British army officers, 
who were broad-minded enough to say that the best 
of inventions are imperfect in the beginning. 

The two negative words that best characterize 
all our inventions from this point of view are, in 


the beginning, imperfection and uncertainty. Look¬ 
ing at the situation in such a light, but with un¬ 
abated faith in the ideas upon which I had spent so 
much energy, I turned to other phases of research 
and experiment, and allowed the high-velocity prob¬ 
lem to rest until I should he more able Lo prove my 
claims. 

An Accusation —Down to this point I can 
speak with the authority of experience, and may 
mention that in July, 1940, while in Washington, I 
visited the War Department—without any thoughts 
of our high-velocity experiments in mind, but 
merely to meet friends and discuss various angles 
of ballistic problems. As 1 was sitting in one of 
the offices, an officer entered (no names shall be 
mentioned in this case) and accused me of spending 
a good deal of time in Poland before the German 
invasion of that country, and of having sold my 
high-velocity ideas there for a large sum of money. 
It is evident that there are two opposite ways of 
avoiding error; one is to know all about the point 
at issue, and the other is to know absolutely noth¬ 
ing. In this case I knew absolutely nothing, and 
simply offered my accuser a watertight alibi. Even 
then, I could see that there was considerable doubt 
in his mind. Not until I had completely satisfied 
him that I was never in Poland did he tell me what 
had caused his accusation. 

According to reports reaching the War Depart¬ 
ment through our Berlin attache, an army officer 
attached to the U. S. ambassador’s office, there was 
a high-velocity gun among the captured war mate¬ 
rial reaching Berlin after the invasion of Poland. 
This gun, so it seems, had been putting the German 
tanks out of commission, the projectiles penetrating 
their heavy armor. After the gun had reached Ber¬ 
lin, and in the presence of many of the German 
army officers, the American attache had had an op¬ 
portunity to examine the barrel and ammunition, 
and had come to the conclusion that I had sold my 
idea to the Polish government; and he had sent an 
official report back here to that effect. 

He also reported that the Germans went to work 
at once and made a 6-inch rifle by following out the 
same pattern as found in the Polish high-velocity, 
and in their tests found that it was pussible to se¬ 
cure a range three times greater than with the con¬ 
ventional design of the same caliber, or a range of 
forty miles. As they had secured such phenomenal 
velocities in their experimental tests, they started 
the manufacture of the weapons at once, and these 
are the guns which are now used to shell England 
from the coast of France. 

I am fully aware that, at first sight, this may 
seem a secret trust which should not be reviewed, 
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but it furnishes the key to a complicated situation 
in which I happened later to be the first to discover 
the methods of securing these high velocities. So I 
am recording the results as told to me, which is the 
only effective means of pushing our claims to the 
front, and of proving the inherited stupidity of our 
own War Department. Our War Department, no 
doubt, looks upon all inventors as people they must 
humor and push aside as soon as possible. Any 
deep subject pertaining to improvements puts a 
strain upon its officers’ minds, and they are unable 
to act upon it according to its merits. A just criti¬ 
cism may be anticipated in this case, especially 
when some British army officer observes the dam¬ 
age done by the shells fired from those long-range 
weapons, and remembers the claims which we had 
formulated. The general broad claims, of which 
they have a copy, were these: 

Subject: An invention to increase the velocities of small 
arms and artillery projectiles over the present standards, 
especially in the design of barrels and their ammunition, 
such weapons being the ones used for the purpose of mil¬ 
itary and naval defense. 

(1) The material reduction in weight of many minor and 
major caliber guns and their projectiles, securing 
greater efficiency of performance over long ranges. 

(2) A material increase in small-arms bullet velocities over 
the present standards; namely, that of increasing llieir 
velocities between 50 and 100 per cent; and in artillery 
and naval guns, there should he a material increase in 
velocities greater than 20 per cent. 

(3) The reduction in weight of many major-caliber anti¬ 
aircraft guns; for example, the 3-inch anti-aircraft gun 
could be reduced to a 2-inch caliber, and with a higher 
velocity given to the projectile, an object can be 
reached much sooner. 

(4) Greater life can be secured to the bore and rifling in all 
classes of weapons; for when a higher velocity is given 
to a projectile, the surface of the metal absorbs a high 
percentage of the carbon from the powder gases, thus 
hardening the bore and rifling to such a degree that 
longer life can be given to all major-caliber guns with¬ 
out showing any harmful effects to the surfaces of the 
metal as found in all conventional types of barrels. 

(5) The ability to secure high muzzle velocities and high 
remaining velocities over long ranges while the projec¬ 
tiles arc in flight. 

(6) The most favorable condition attending this invention 
is that there arc not any expensive manufacturing 
methods required to make either the barrels or the pro¬ 
jectiles, nor is there any necessity of using special mate¬ 
rials which are hard to secure from other countries in 
time of war. 

In general—to illustrate: By reducing a one (1) pound pro¬ 
jectile (7000 grains avoird.) to six (6) ounces (2625 
grains), and the horc of the barrel to one inch from 
1.437 inch, the muzzle velocity is increased materially— 
for instance, to 4000 f. s.—by this reduction in caliber. 
When this reduction in weight takes place in the projec¬ 
tile, it is capable of producing the same striking energy 
as a one-pound shell against an object in foot-pounds. 
Clearly, these figures will prove our statement: When a 
one-pound shell is fired at a muzzle velocity of 2400 f. s., 


it produces a striking energy of 89,552 foot-pounds; but, 
on the other hand, when the six-ounce projectile is given 
the greater velocity of 4000 f. s., there is produced a 
striking energy of 89,730 foot-pounds, which is practi¬ 
cally the same striking energy as that which had been 
secured with the heavier shell. To accomplish this, nor¬ 
mal pressures are easily maintained in the barrel cham¬ 
ber. This interesting reduction in the weight of the 
projectile, with normal pressures maintained in the 
chamber, decreases the time of flight to the target, 
which is of particular value in the case of moving 
targets, including airplanes, tanks, etc. This reduction 
in weight of the projectiles and guns proves a vital 
factor, also, not only in efficiency in actual use, but 
in the transportation of ammunition to the points of 
operation. 

Under the most unfavorable circumstances, we have 
secured high velocities in military small arms, using 
the service Springfield action, to which a special-caliber 
.22 barrel was connected; velocities between 5122 f. s. 
and 7100 f. s. were thus obtained. Discovering the 
means of securing these high velocities in small arms 
led us many steps further in thought, causing us to 
assume that the same principles could be applied to 
the larger calibers, holding the same relations to the 
mechanical reductions as the gun originally tested. 

Scientific Aspects of High Velocity —Let us 

now turn our attention to the scientific aspects of 
high-velocity experiments. Interest in such ballistic 
experiments keeps us constantly seeking for new 
kinds of original thought in scientific matters—and 
at the same time constantly exposing ourselves to 
new troubles of which we might otherwise have re¬ 
mained ignorant. Great men like Newton never 
allowed their minds to remain dormant. It was 
Newton who discovered the “Law of Inertia' 7 that 
“To every action there is an equal and opposite re¬ 
action”; and that the existence of a force implies 
of necessity some resistance against which the force 
is applied. When a force is applied to a bullet at 
rest, the resistance offered by the bullet is due to 
the inertia of its mass. By the same token, il we¬ 
al tempt to alter the existing weight of any bullet or 
projectile, a resistance is immediately experienced 
from existing standards. This co-existence of ac¬ 
tion and reaction, and the resistance which a pro¬ 
jectile offers by reason of increasing or decreasing 
its mass, is the resistance due also to inertia, with¬ 
out taking into consideration the resistance of fric¬ 
tion, which wc shall touch upon later. 

It is known that certain laws of nature—those in 
particular which govern mechanics and gases—are 
basic. In the basic formulas the following equations 
hold: 

Pressure x Area — Force 
Force = Mass x Acceleration 
Velocity — Time x Acceleration 

Since our maximum pressure is limited, due to 
our present strength of materials, it appears that 
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the only method open to us for obtaining greater 
velocities in projectiles than that already obtained 
from established bore diameters, is to increase the 
area over which the pressure acts in order to give 
greater momentum to the bullet or projectile upon 
its axis, and to reduce both the mass of the projec¬ 
tile and the caliber of the gun. 

Let us now imagine, for example, a caliber .30 
M-l bullet that has a diameter of 0.3085 inch and 
weighs 173 grains, upon which a pressure of 52,000 
pounds per square inch is exerted, giving an initial 
velocity of approximately 2650 feet per second. We 
find that should we reduce the weight of the bullet 
to 86 grains, causing it to move with the same pow¬ 
der charge, we would normally expect twice the rate 
of speed, and the momentum of the bullet about its 
axis would help to give us, as we may suppose, a 
velocity of 5300 feet per second. This is a perfectly 
legitimate way to look at the situation, and should 
it fail, we may think that had wc used a barrel twice 
as long, to permit a greater acceleration of the bul¬ 
let for twice the distance along the bore, it would 
have succeeded. But when we come to consider the 
laws of bullets in llight, we find that bodies in mo¬ 
tion have some laws of their own. To deal with 
them an entirely new idea of force is required. 

Here we strike the root of the whole theory of 
mechanics. Tt is the foundation of the system 
which the tremendous genius of Newton conceived 
in order to explain the motion of the sun, moon, and 
stars. Forces were treated by him as proportional 
to the motions, and the motions were proportional 
to the forces. With this idea he solved a part of 
the riddle of the universe. Great discoveries are 
made only by the ability to see things clearly. 

But mass, which is the bullet or projectile, is noth¬ 
ing more than a quantity of matter. Knock a brick 
against your head, and you will then know what 
mass means. It is not the weight of the brick which 
gives you the jolt, hut the mass. Try to throw a 
heavy stone from a shovel, and you will understand 
what mass is. Try to push a Ford car to get it 
started when the battery is run down, and you will 
soon realize what mass means. Weight is the earth’s 
attraction on mass, and it is proportional to the 
mass at the same place. 

Therefore, when powder gases act for a certain 
time on a projectile which is free to move, however 
small the powder charge may be, or however small 
the bullet may be, that projectile will move. The 
powder gases, of course, always tend to produce 
projectile motion. If motion is impossible at the 
beginning, then pressure is developed which can be 
measured by the aid of a pressure gauge, and ob¬ 
served. After the projectile becomes free in flight, 
its flight can also be measured by the aid of the 


chronograph, figured, and observed; and when we 
have these two sets of figures, i. e., pressure and 
velocity, they can be compared. Then wc begin to 
reason: “A force like this powder gas, acting on a 
bullet composed of a mass whose weight is 173 
grains, should produce, if the mass is reduced Yi 
of its weight, Ys more velocity.” True, it works 
that way in certain calibers, especially where there 
is a great variation in the weight of Ihe bullets; for 
instance, in the .300 magnum, where it is possible 
to select bullets between 110 and 225 grains. 

But how many other factors must we consider 
in this hypothetical quest for higher velocities, par¬ 
ticularly those above the established laws in ballis¬ 
tics acting upon projectiles—factors, for example, 
which give rise to a change in motion? The term 
used for the change of motion is “acceleration” or 
speeding up. In all cases it is the force of the pow¬ 
der gases acting upon the base of the mass which 
produces acceleration. If that force then continues 
to act on the projectile, the projectile will keep 
moving faster and faster. When the powder gases 
stop acting, the motion which the projectile has 
acquired, continues, but the acceleration stops. 
That is, the projectile, theoretically, at least, goes 
on moving in a straight line uniformly at the pace 
it had when the pressure of the powder gases 
stopped. 

What then will happen to such bullets when ex¬ 
posed to the pressure of the powder gases and yet 
held tight? They will, of course, remain fixed until 
the pressure wrenches them free. Then, the longer 
the powder gases act, and the pressure keeps put¬ 
ting more and more force and motion behind the 
bullet without undue friction to contend with, the 
faster will the velocity become. The bullet keeps 
all the motion it had, and it keeps adding to this 
motion. So if, in one second, a motion of one foot 
(for the purpose of illustration) is imparted, then in 
another second a motion of one foot per second 
more will be added, making altogether a motion of 
two feet per second; in another second of forced 
action by the powder gases, the motion will have 
increased or “accelerated” by another foot, and in 
theory, if all mechanical effects are correctly de¬ 
signed, will continue to increase in the case of a 
high-velocity bullet. 

But here the other factors begin to enter into the 
problem, and one of these is the loss of velocity due 
to friction in the double length of barrel which has 
been suggested; or for that matter, there would be 
no difference in this regard if a standard length of 
barrel were used, one measuring 24 inches. In all 
cases, the powder gases act. The lighter the bullet, 
the more velocity it has. If the bullet is large, it 
will require greater gas pressure to make it move to 
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a higher velocity; if the bullet is small, it moves 
more quickly in the beginning of its flight, but 
loses its effective striking energy near the termina¬ 
tion of its flight. 

Very little is known about the flow of powder 
gases at a high pressure. There are no experimental 
data, so far as we are aware, to assure us that 
heated powder gases at a pressure of 52,000 pounds 
per square inch will be able to produce a force 
capable of imparting more motion to a bullet than 
7100 f. s., the highest velocity which we were able 
to secure a record of in 1937 in our experiments 
with high velocity. 

Friction —The analogy between friction and ve¬ 
locities is so close that we are always tempted to 
forget friction at the expense of velocity. The right 
mode of procedure, in projectile and barrel design, 
in order to secure the higher velocities, is to take 
certain negative factors first, and not to accept posi¬ 
tive factors as a compensation for the element of 
friction. Friction is the resistance obstructing the 
motion of a projectile when forced into the bore and 
the rifling of a gun barrel. Under these circum¬ 
stances, the surfaces in contact have a certain 
tendency to adhere. The surface of the bore is not 
perfectly smooth, as we have already pointed out in 
Chapter V, and in consequence a considerable 
amount of force is required to overcome the mutual 
resistance of the two surfaces, i. e., projectile bear¬ 
ing surface and bore surface. If the velocity is 
increased, the resistance to projectile motion is in¬ 
creased also; on the other hand, if we give a high 
finish to the surface of the bore, and decrease the 
bearing surface to a bullet no greater than >6 inch, 
friction is diminished, though it can never be en¬ 
tirely eliminated. By decreasing the bearing sur¬ 
face of any high-velocity bullet to % inch: that is, 
moving the hearing surface to the rear of the bullet 
—accomplished by turning the original bearing sur¬ 
face down to the bore diameter up to the J/^-inch 
new bearing surface—a 25 per cent increase in 
velocitv can be secured. 

The results of my experiments in high velocities 
would indicate that the friction factor at low veloci¬ 
ties is small, as in the case of a caliber .22 lead 
bullet; it increases rapidly at first, then more gradu¬ 
ally as the velocity increases, until at a certain 
velocity a maximum friction, factor is reached. This 
depends upon the surfaces of the bore and groove 
diameters, the bullet in contact, ancl the intensity 
of the pressure required to force it through the bar¬ 
rel. An increase in the intensity of the pressure 
(the number of foot-pounds on a square inch) 
changes the amount of the maximum factors, and 
reduces the velocity appreciably. The more yield¬ 


ing the bullet material in the maximum diameter of 
the bore, the higher will be the velocity—in the case 
of lead bullets; but this is not so in a minimum 
barrel with a hard bullet jacket material to be con¬ 
tended with in its passage through the bore. 

The existence of rifling the entire length of the 
interior of a gun barrel implies that when force is 
applied to the projectile by the powder gases, the 
projectile meets with resistance and retardation. 
But by eliminating the rifling back of the muzzle 
—that is, only allowing between 4 and 6 inches of 
rifling to remain near the muzzle, and eliminat¬ 
ing it along the route where first the projectile 
encounters retardation—friction is reduced appre¬ 
ciably, wdiich naturally increases the projectile’s 
velocity. Since our maximum pressure in a cart¬ 
ridge chamber is limited to our present strength of 
materials, the most logical method open to obtain 
greater velocities than those which have been pre¬ 
viously obtained in the conventional type of gun- 
barrel, is to have a bullet or a projectile bore-free 
when leaving the mouth of the cartridge case. Tt 
is even true that greater momentum to the projectile 
can he secured before entering the rifling remaining 
at tlie muzzle; and in its advance to this remaining 
rilling, it meets no opposite reaction to retard its 
initial velocity. 

My experiments proved that a pressure of 2000 
pounds to the square inch could be placed against 
a steel plug, in which the tolerance of 0.0002 inch 
was used between plug and barrel bore, and a 
leakage of only 2 c. c. of light oil per minute was 
secured. In conducting this test, a tube was reamed 
to 0.3752 inch diameter, and the bore was fitted 
with a lapped steel plug which measured 0.3750 
inch, of a length the same as the bearing surface 
on a caliber .375 bullet. This experiment proved 
that a projectile of the same caliber could be 
"accelerated” to a greater velocity than one shot in 
a barrel which contained rifling; and if a bullet 
of a smaller caliber were shot in a similar barrel, 
its flight would be nearly that of the velocity of 
powder gases. 

We have already established the fact that it 
requires a pressure of 2000 pounds to the square 
inch to force a maximum caliber .30 bullet into 
the rifled section of a minimum barrel, and a 
pressure of nearly 1000 pounds per square inch 
to force it the rest of the distance through, the 
rifling. Therefore, the greater the velocity becomes, 
the greater becomes the force required to keep the 
projectile moving along its course in preparation 
for the friction encountered in the bore, at the 
bottom of the grooves, and on the edges of the 
rifling. Powder gases, of course, produce projectile 
motion, but if projectile motion meets with any 
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obstacles at the beginning of its flight, velocity is 
reduced accordingly at the expense of friction; and 
this, of course, generates a high degree of heat in 
barrels, whether on a rifle, a machine gun, or an 
automatic military rifle, and their efficient opera¬ 
tion is impeded. 

A bullet or projectile, when it leaves the mouth 
of the cartridge case, should be a free body, to act 
and move until reaching an established point where 
rifling is to be engraved—the muzzle. The law 
of inertia is partly established in ballistics. There¬ 
fore, in a barrel free of rifling at the rear, and with 
faster-burning powder confined in the cartridge 
case, the projectile would be a free body to move 
along its path, for the powder gases would be 
putting more and more velocity and motion behind 
the mass; and without friction to encounter, the 
projectile would keep on going faster until it 
reached the rifled portion at the muzzle, which 
would be engraved only to a depth that would im¬ 
part a satisfactory spinning motion. We might call 
such a semi-smooth-bore gun barrel a ^gas-expan¬ 
sion chamber.” In a barrel of this design, the 
faster-burning powders could be used instead of the 
slower-burning powders, and these would be in¬ 
stantaneously converted into a gas to move the 
projectile. The faster-burning the powder employed, 
the greater the force and motion behind the pro¬ 
jectile, resulting in a much higher rate of speed 
than that obtainable from the slower-burning 
powders. In all cases, the ballistic factors would 
become more efficient; thus, the lighter the mass, 
the greater the velocity; and even with the larger 
mass, a greater velocity could be obtained over all 
conventional types of weapons now in use. All 
weights of projectiles would move more quickly 
in their flight from the mouth of the cartridge case, 
and along their route through the gas-expansion 
chamber, without loss of powder energy, and by 
the time they entered the rifling at an established 
point back from the muzzle, a much greater velocity 
would be recorded on the chronograph. 

We would find that when a projectile is fired in 
a barrel which is bore-free for a certain distance, 
friction is reduced at least 30 per cent at the rear 
portion of the barrel, especially where the greatest 
amount of heat is generated; therefore, a greater 
number of shots could be fired from automatic rifles 
and machine guns, and the life of their barrels 
would be increased appreciably. Yet for a certain 
type of mind a gun barrel free of rifling at the rear, 
and with rifling only at the muzzle, cannot be 
imagined as practical; it is just another wild, 
fantastic idea. Willie, a neighbor living close to 
our plantation, still thinks the world is flat and 
does not turn upon its axis. “If the world should 


ever turn,” he argues, “all the stones would fall off, 
and if we could not hang on to a tree, wc would 
fall off, too.” So we shall find many who will 
continue to argue that a gun barrel must be rifled 
its entire length. They belong to the age that 
thinks like Willie and his uncle Buckey, who backs 
Willie up in all his opinions. 

We have been told all our lives that a rifle could 
never be expected to give real accuracy unless the 
rifling extended its entire length. It is possible, 
however, that we all have been misled by a standard 
practise without investigating its merits. In my 
high-velocity tests I found that a bullet readily took 
the rifling even though the bore was made smooth 
6 inches ahead of the cartridge chamber. It was 
also found that the bullet entered the rifling after 
passing through the smooth section without the 
least signs of any stripping action, and emerged 
from the muzzle with the perfect engraving of 
the rifling upon its bearing surface. So under the 
clarifying light of analysis half the difficulties of 
high-velocity experiments vanish like mist before 
the morning sun. But all experiments must have 
a beginning, and the most simple were used to 
make us respect this analysis when they were com¬ 
pleted. 

The High-Velocity Experiments —An unneces¬ 
sary difficulty has been experienced in the failure 
to understand properly the fin reduction on the 
bullets shown in Figures 16 and 17. The fins are 
drawn down and folded so neatly in the recess cut 
out of the cylindrical diameter, that they will not 
be broken or partly destroyed during their passage 
through the bore, especially if the bullet has been 
made of brass or bronze and turned from the solid 
bar. These two materials are, to a certain extent, 
satisfactory for the construction of bullets for ex¬ 
perimental firing trials; they are the materials all 
bullet experimenters have selected as far back as 
I can remember. Brass and bronze have been used 
for more than half a century in the construction of 
experimental bullets, due in part to their softness 
and easy working qualities on a lathe. But why 
should high-velocity experimenters favor these two 
materials when they know that accuracy cannot 
be obtained—that there is nothing to keep such a 
bullet stable in flight over long ranges? Of course, 
accuracy can be achieved by the employment of 
electrolytic copper. The closer the material comes 
to having the specific gravity of pure silver, the 
more stable our bullet becomes in flight; therefore, 
a copper-nickel alloy is the more appropriate ma¬ 
terial to use. 

On the other hand, the methods of making bullets 
from materials most suited for ultra-high velocity 
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experiments are as varied and infinite in number as 
the materials themselves. In these experiments it 
became our duty to select the materials which would 
give the best results, and then these were to be 
given our further consideration after certain veloci¬ 
ties were reached; for the deeper our experiments 
went, the harder became our problem of holding 
the fins in the recess after a velocity of 4000 f. s. 
was reached, and the more valuable became the 
copper-nickel alloy not only in securing stability in 
the bullet but in keeping the fins intact when folded 
down in the recess. 

Regardless of the materials employed, the true 
explanation lies in the fact that the proper method 
of securing a high velocity docs not lie in the design 
of a bullet containing either one or two tins. The 
proper solution lies in a mechanical reduction of 
a material moulded upon the bearing surface of 
the bullet. Thus Figure 17 illustrates the fiber 
base, upon which the powder gases will act effec¬ 
tively within a given time, and burn it as fast as 
the mechanical reduction takes place through the 
tapered cone or expansion chamber, which can be 
seen in Figure 19. By this mechanical reduction, 
and the complete ignition of the plastic material, 
the bullet is delivered into the reduced bore diame¬ 
ter. Fins placed upon bullets offer great resistance 
to velocity. In our firing trials, we soon discovered 
that even the fiber base had certain detrimental ef¬ 
fects; later we used bases made from a compound 
of celluloid and resin, and more stable results were 
secured. 


The useful knowledge gained through this dis¬ 
covery led to the possible application of a plastic 
material moulded to the bearing surface of the 
bullet, thus eliminating the fins entirely. Along 
with this discovery we were able to analyze the 
possibility of such a practical material in its scope 
and popularity in industry. It can easily be 
moulded to the bearing surface of any projectile 
in special dies, by using either of two thermoplastic 
materials—cellulose nitrate and cellulose acetate. 

Cellulose nitrate is made by the action of a 
mixture of sulfuric and nitric acids on cellulose, 
which is thereby converted into nitrocellulose. Ni¬ 
trated cellulose containing 14 per cent of nitrogen 
is highly explosive, but for use in moulding it to 
the outer surface of a projectile the nitrogen con¬ 
tent could be controlled at around 12 per cent. By 
incorporating a slight amount of camphor it could 
be made a valuable material. The camphor would 
act as a solid solvent dissolving the nitrocellulose 
fibers and converting them into a solid solution. 

Cellulose acetate, like nitrocellulose, is produced 
in rods and tubes, but its greatest interest here 
would be to mould it to the outer surface of a 


projectile by working it in hot moulds with no risk 
of fire. It is also adapted for the process of in¬ 
jection moulding, in which the moulding material 
is heated until plastic and then forced under high 
pressure through a small aperture into a cold mould 
which would fill completely and could be ejected 
immediately. 

Up to the present point we have been dealing 
with materials, not with experiments. Experiments 
under all combinations of mechanical conditions in 
a chapter of this kind would be impractical, for 
we have over 10,000 words of experimental data, 
and since such data would probably be misleading, 
only the mechanical aspects of the experiments will 
be given. 

We will now fix our attention on Figure 18, 
which illustrates the first experimental type of 
barrel made. In this type of two-sectional barrel, 
it was reasoned that since the pressure of the 
powder gases acts equally in all directions, and 
since the rear portion of the caliber .80 barrel of 



Fig. 18 

Th« experimental two sectional barrel. Here, a caliber .30 
barrel has been attached to a caliber .22 barrel 


a length of 12 inches is screwed to a caliber .22 
barrel, the caliber .30 barrel would act as a gas- 
expansion chamber, which would give a greater 
opportunity for the gases to expand and in which 
a faster-burning powder could be used, while at the 
same time it would create less frictional resistance, 
especially at the first few inches of the bullet’s 
movements. 

The joining end of the caliber .22 barrel had 
a smooth cone, reamed to a length of 1*4 inches. 
The 12-inch length of caliber .30 barrel was fitted 
to a Springfield Model 1903 receiver, and the 
chamber reamed to take a caliber .30 Model 1906 
cartridge case. When this experimental gun had 
been completed, it was loaded with the two-fin type 
of bullets weighing between 60 and 65 grains, and 
these were fired at a large piece of paper 50 feet 
from the muzzle. The shots upon the paper proved 
that the bullets were very unstable, for many passed 
sideways through the paper. Bullets were then 
fired into cotton waste; many were found intact; 
others had parts of their fins missing, which were 
believed to have been torn off by the recovery 
medium. Then a pressure gauge was mounted on 
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the same gun, and fired for pressure and velocity. 
Though wc loaded our cartridge cases with standard 
military powder, tilling the case even to the base 
of the bullet, only a pressure of 21,000 pounds per 
square inch was recorded. 

Broadly enunciated, the conclusion that we came 
to regarding this experimental design was that the 
caliber .30 barrel was too long, causing the bullet 
to tip in various directions along its course; upon 
entering the cone in the caliber .22 barrel, it folded 
down its fins in a sort of resizing operation, and 
was not capable of taking a direct course in the 
rifled portion of the barrel. It was even impossible 
to find a suitable powder; some of the fast-burn¬ 
ing powders were used, together with the improved 
military powders of both Dupont and Hercules 
manufacture, but they were unsatisfactory, and so 
were those used for the Gerlich experiments. So 
the result of this experiment confirmed our con¬ 
clusion, there and then, that such an auxiliary 
chamber could be eliminated, and that oilier means 
should be sought to reduce the fins on the bullet 
before it ever entered the rifling. 

From this starting point furnished by our own 
researches we proceeded to collate the knowledge 
we had gathered, and began trying to push it 
further; for knowledge once gained casts a faint 
light beyond its own immediate boundaries. 'There 
is no experiment so limited as not to illuminate 
something beyond itself. With this thought in 
mind, steps were taken to make three special 
barrels, each having six lands which measured 0.046 
inch wide, and with rifling one turn in 10 inches, 
one in 12 inches, and the other in 14 inches. The 
barrel blanks in question were selected from forg¬ 
ings already drilled for the caliber .22 M2 rifle. 
The steel used in such forgings was W. D. 1350, 
which was heat-treated and had a tensile strength 
of 130,000 per square inch. 

After the barrel blanks had been rifled, the ex¬ 
terior diameter was just cleaned up on a lathe and 
the barrels allowed to remain their full length of 
24 : kj inches. After completing this operation they 
were chambered for the cartridge case, and all three 
fitted to receivers. A pressure gauge was fitted to 
the barrel having the rifling which had one turn 
in 14 inches, while the barrel having the 12-inch 
rifling was used for our accuracy trials, as well 
as the one with the 10-inch rifling. Tn each of 
these barrels, a taper was reamed ahead of the 
chamber for a distance of 2 l / 2 inches, which we 
then termed the “reduction cone” or “expansion 
chamber.” 

Out of the experience gained in the two-sectional 
gun there grew something that stirred the imagina¬ 
tion more than a mere experiment; and this ob¬ 


servation at our very fingertips, so to speak, pro¬ 
vided material for speculation upon the barrels we 
had now r completed. We reasoned thus: That a 
finned bullet could be reduced in diameter by a 
long tapered cone, in the same manner as metal is 
formed in a tapered die, provided the taper is long 
enough to fold the metal without breaking it; the 
long tapered cone would do just that, if our metal 
had the proper ductility in the beginning to form 
it properly. We also disregarded the established 
rule of having a bullet enter the rifling after leav¬ 
ing the mouth of the cartridge case, thus setting 
forth to investigate some difficulties of a nature 
quite different from all those connected with the 
established rules of barrel design; for the bullets 
which had been fired from the two-sectional barrel 
proved, when recovered, that they did take the 
rifling without stripping. Now, having reamed a 
much longer taper in our new' barrels, we would 
not be resizing our fins into the recess so suddenly 
as we did in (he abrupt taper in the two-sectional 
barrel, but in a gradual degree by tlie length of 
taper established; allowing, at the same time, the 
tapered cone to act as an expansion chamber for 
the powder gases. Figure 19 illustrates this taper, 
in which the resizing operation takes place, aided 
by the force of the powder gases. 



The tapered cone or gas-expansion chamber constructed 
ahead of the cartridge chamber 

Enough had been shown in the illustration to 
indicate that such a. design had some possibilities. 
When our first experimental firing trials took place, 
the pressure gauge with the barrel possessing the 
14-inch twist was used, and by loading our cart¬ 
ridges with Hercules No. 3 powder, and using the 
two-finned bullet of over 60 grains, we were able 
to secure velocities between 3650 and 3800 f. s., 
the pressures ranging between 46,800 and 56,800 
foot-pounds to the square inch. Not very encourag¬ 
ing. but very gratifying for our firing trials with 
the short taper, which was increased in length after 
the one-fin bullet was adopted. 

All who are engaged in small-arms research are 
painfully aware of the time consumed in the prepa¬ 
ration of bullets and barrels, in the elimination of 

# 

possible errors in design, in the testing trials, etc., 
and the disappointments which follow. How much 
ingenuity and thought are involved in bringing a 
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gun and its ammunition to perfection! How much 
more than mere expression of the idea on paper! 
Persons working on small arms and small-arms 
ammunition often experience much impatience and 
overexcitement, in pursuits with a very narrow 
range of certain possibilities, whose importance, to 
outsiders, appear to be trivial and contemptible. 
The outsider does not see the possible results com¬ 
ing from these carefully undertaken preparatory 
measures. And it was at this stage of our tests 
that we investigated the pressures required to fold 
down the fins into the recess, for here, we imagined, 
was what was defeating our efforts to secure a 
higher velocity. 

The results of our investigation were very sur¬ 
prising. Prom previous tests we knew' that it re¬ 
quired between 1000 and 2000 pounds to the square 
inch to force a caliber .30 bullet through a barrel; 
therefore, we set out to investigate the pressure it 
required to force a finned bullet through the tapered 
cone we had reamed in our experimental barrels. 
To accomplish this, the breech end of a caliber .22 
barrel was cut off to a length of 5 x /t inches, and 
by using the same reamers as used for the tapers 
in the barrels, a ta|»er was reamed to a length of 
4^4 inches, leaving inch of rilling remaining on 
the bottom end. By using a tensile testing ma¬ 
chine, our turned bullets were pressed through this 
section of barrel, all with high recording pressures, 
until we discovered that the section of barrel had 
been bulged near the bottom, and the proper re¬ 
sults were not secured. Then a steel die was made 
of the same length, but out of a 2-inch piece of 
steel, and hardened, which would require a great 
pressure even to crack it with the largest-diameter 
bullet. On one of the two-finned bullets we found 
that it required a pressure of 65 tons to force it 
through the die; that is, through the tapered sec¬ 
tion before entering the cylindrical diameter. Of 
course, many were found which required much 
less pressure to force them through the die, but all 
required a pressure far too high, at that, to force 
an ordinary bullet through a rifle barrel. A little 
reflection convinced us that we had been using 
bullets which offered too great a resistance to the 
powder gases, and that we would have to design 
a turned bullet which would pass through the die 
with no greater pressure than 500 pounds to the 
square inch, in order to secure more satisfactory 
results. 

Obviously what was demanded was a bullet with 
only one fin; for those with two fins, even though 
they were made light in the web thickness of the 
fins, required too great a pressure to force them 
through the die. and the die must be used as a 
gauge to set the tools in the turning operation, 


regardless of whether a one- or a two-fin bullet 
was used. The turning operation on even the one- 
fin bullet was not so easy as one may think, for 
though it might be possible to go straight under the 
fin with a turning tool, and though stops could be 
set to secure the proper measurements, the delicacy 
of the turning tools required, and the smallness of 
the diameters to be worked upon, were bound to 
cause variation in sizes. Overcoming all such diffi¬ 
culties after a considerable period of preparation, 
we made a number of the one-fin bullets by setting 
the proper stops on the l>ench lathe so that all 
were turned to give the same pressure when forced 
through the die. Figure 17 illustrates this bullet, 
the fin acting as no more than a gas check. The 
sectional view of the object over the base of the 
bullet is the fiber base, which was turned from a 
solid rod and forced over the base of the bullet 
in order that it might be held centrally in the cart¬ 
ridge case—also as a means of holding it centrally 
in its passage through the expansion chamber or 
tapered cone. 

Having completed a number of the one-fin bullets 
on a bench lathe, and also turned the fiber and 
celluloid bases and fitted one of these over the rear 
portion of each bullet, we next made pressure tests 
by forcing the assembled bullet through the die, 
centering a punch only on the base of the bullet, 
and found that these bases contracted and gradually 
slipped off the rear of the bullet as it passed through 
the die, so that no false pressures were recorded. 
Firing trials were then conducted for pressures and 
velocities, and surprising velocities between 5122 
and 7100 f. s. were recorded; but not until we 
had reamed the expansion chamber to a length of 
5 inches, which proved to us that a certain length 
of expansion chamber must be established, varying 
with the caliber of the guns. 

Having completed our high-velocity experimental 
tests in such a satisfactory manner, we felt that 
perhaps we had reached a very valuable conclusion. 
Many ideas came to mind, urging us on toward 
further progress, particularly in testing the effects 
of these velocities from scientific angles—even ve¬ 
locities reaching beyond 7000 f. s. The direction 
which ail these experiments took, leads us to be¬ 
lieve that a much higher velocity in small arms can 
easily be attained. Success must ever depend 
mainly upon the amount of refinement necessary 
in the direction which we have already explored. 
Ballistics has long been an all-absorbing study to 
many, for our senses stand between the law of 
motion and the reasoning mind. We can observe 
the motion and the force required to impart that 
motion, but are not satisfied with mere observa¬ 
tion: the facts must be accounted for—fitted into 
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their proper places in the line of cause and effect, 
and applied to the practical development of weapon 
and ammunition. 

Curious Bullet Effects —Let us now cast a 
momentary glance over the targets we left behind. 
We found that we had acquired some valuable in¬ 
formation from the results of bullet penetration 
through heavy wrapping paper stretched over a 
wooden frame; furthermore, we had gained a much 
clearer insight into the mechanics of bullet pene¬ 
tration through other substances. Our first findings 
were the peculiar perforations surrounding the bullet 
holes through paper, the even spacing of “air holes,” 
and the discoloration surrounding the apertures the 
high-velocity hullets made. Of course, we have 
seen a similar condition produced by the .22 Swift 
bullet through targets; but in our case the perfora¬ 
tions were burnt through as though hot sparks had 
issued from the outer surface of the bullet. One 
might surmise that the bullet was throwing off small 
particles of its fins, which w r ere causing these burnt- 
like holes, but this theory was soon rejected. We 
assumed that the small perforations were caused 
by the rapid spinning of the bullet around its axis, 
which in turn was forcing the air molecules apart, 
and thus causing them to act as solid minute sub¬ 
stances in a broken state, capable of penetrating 
the paper for a radius of about £4 inch from the 
bullet’s center of perforation. And the discolora¬ 
tion around the bullet hole might have been caused 
by gases expelled by the heat of the bullet due to 
the friction of the air, similar to that of a meteor 
as it hits the solid atmosphere. The bullet also 
tore the paper surrounding the aperture it had 
made, instead of showing the clean penetration 
which a bullet of a lower velocity makes. This 
was caused, perhaps, by the anvil of air being 
forced ahead of its point, and the evenly torn sur¬ 
face around the aperture had been completed by 
the vacuum following the bullet. 

The emission of gases from these high-velocity 
bullets, which are very hot during their passage 
through the atmosphere, is, of course, the result of 
friction. Should we establish a standard velocity 
of 6000 f. s., this friction might heat the outer 
surface of the bullet to nearly 1500 degrees Fahren¬ 
heit; in other words, above a red heat. The greater 
portion of the heat is doubtless carried away by 
the vacuum created, but what it has gained, it 
keeps, and remains at a high temperature over a 
long range. If a bullet thus heated to a high de¬ 
gree, and traveling at a high speed, hits an object, 
it will perhaps explode, as a meteor does when it 
hits the atmosphere surrounding the earth. The 


short period of time occupied by such a bullet in 
passing through space allows only a thin superficial 
layer of the outer metal to be heated, and only a 
small quantity of the heat is able to penetrate to 
the interior; therefore, the outer layer of heat 
tempers the core, and coming in contact with a 
steel surface, the mass generates such a high degree 
of heat instantaneous^'. that the surface of steel 
plate is fused and melted to a considerable depth, 
as if it had been up against the flame of an electric 
arc. At present there is little prospect of this theory 
being proven incorrect. 

In mechanics, the product of the mass of a mov¬ 
ing body into the square of its velocity, expresses 
what is called the “mechanical effect.’ 1 If, for 
example, an anti-aircraft gun, pointed vertically, 
shoots a shell upward with twice the velocity im¬ 
parted to a second shell, the former will rise four 
times the height attained by the latter. If directed 
against an airplane, it will also do four times the 
execution. Hence, the importance of imparting a 
high velocity to all classes of projectiles in war. 

Having thus cleared our way to a definite con¬ 
ception of the mechanical effect of a moving pro¬ 
jectile, we are prepared to look back to the last 
battles of the First World War, and to note the 
attempts which have since been made to lengthen 
the flight of all projectiles. With such an object 
in view, means must also be invented to control 
such projectiles over long ranges, especially in the 
case of large cannon; not, however, in the case of 
anti-aircraft weapons, for that would be like using 
a high-velocity rifle to shoot a hawk on the wing. 
We must remember, moreover, that each war has 
its good and bad points in the weapons employed, 
as well as the weaknesses of those weapons, and 
that by the time a new war starts, most weapons 
are obsolete; therefore, in our hurry, we only make 
slight improvements on those which are obsolete. 

The advantages of a light bullet, a high velocity, 
and a flat trajectory, are the objects to be sought. 
The value of these, however, must not be overesti¬ 
mated. Though we believe in a high velocity and 
a long range, we must never sacrifice projectile 
striking energy at these long ranges, for it is one 
of the most essential features: after reaching our 
objective, we must also annihilate it. The great 
discoveries in which a high velocity shall play a 
part can only be accomplished by surveying the 
problem clearly. 

In trying to annihilate enemy aircraft over large 
cities, our ground troops must be protected by de¬ 
fensive armor like that used by soldiers four cen¬ 
turies ago. 



CHAPTER YD 


Gunpowder and Its Influence 


E VER since the two volumes of The Modern 
Gunsmith were published, from one direction 
or another have come various requests for the 
formulas for making black gunpowder, smokeless 
powder, gun-cotton, T. N. T. (trinitrotoluene), ful¬ 
minate of mercury, and even nitroglycerine. We 
seem to have some difficulty in understanding the 
motives of these requests. Naturally, we can un¬ 
derstand that there are hundreds of experimenters 
seeking a propellant of much higher velocity; but 
surely not, likewise, a sudden opportunity for Saint 
Peter to make a check on their past actions. 

My answers were always rather discouraging, but 
since wc have read so much about high explosives 
in the dispatches from the front, we might as well 
go into the subject at greater length in a non¬ 
technical manner so that all may understand it. 

Obviously, a low explosive like gunpowder bums 
by a process of rapid combustion. It is a tlashlikc 
fire. A high explosive does not burn. It detonates. 
It is converted into a stable gas, which proceeds 
by a detonation that varies from 15,000 to 25,000 
feet a second. It takes about one ten-thousandth 
of a second for a typical 1000-pound air bomb to 
detonate. In other words, the high explosive is 
suddenly converted into a gas at very high tempera¬ 
ture and pressure. The effect is that of a sudden 
and terrific blow. 

To arrive at a better understanding of the in¬ 
ventor’s affection for a higher explosive, we are 
going to reply at length to many of our corre¬ 
spondents, and we select nitroglycerine from among 
the high explosives to enlarge upon its impossibili¬ 
ties as a propellant. 

Nitroglycerine as a Propellant —Many inex¬ 
perienced shooters are as convinced that nitro¬ 
glycerine can be used for a propellant as they are 
that the sun can be harnessed to store heat energy 
“for commercial purposes/’ as one man wrote us. 
We answer such experimenters that this explosive 
has great convertible power, of course, but. it has 
no value whatsoever as a propellant. If exploded 
in the chamber of a rifle barrel, it would completely 
demolish the receiver, and possibly the chamber 
end of the barrel, before the bullet would ever move 
from the mouth of the cartridge case. There is, 


first of all, no logical means of confining nitroglyc¬ 
erine in a cartridge case even in a weakened state; 
and there is, secondly, the space between bullet 
and load, and across this space is found an anvil 
of air. The gases collide, they oscillate, and sud¬ 
denly recoil. When this action takes place, we 
may expect a change in the metals, which would 
mean the complete loss of the gun mechanism. 

There is a great amount of misinterpretation in 
regard to the limit of propellant force behind ah 
classes of projectiles. Inventors are constantly 
seeking information to formulate more powerful 
projectile agents as a means of obtaining increased 
velocities, but a careful study of the mechanical 
arrangements of our modern firearms and cartridge 
cases will prove, not only that our present propel¬ 
lant agents are ideally adapted to our modern 
weapons, but that their energy and capabilities far 
exceed the tensile strength of the metals confining 
the gases generated. The experimenter of an in¬ 
ventive turn of mind should be convinced that what 
is needed is not a stronger propellant, but newly- 
designed weapons, cartridge cases, and projectiles 
which would improve and encourage the “me¬ 
chanical effect” and thus obtain greater velocity 
from the powders now on the market. I do not 
mean to say that a better propellant, cannot be 
made than those now in use. But our present 
powders are by no means deficient in potential 
energy; what we need is to convert their com¬ 
plementary force and give them greater expanding 
energy- on the opposite side of the pressure curve. 

Select any of our modern rifle powders from the 
long list, and you are certain to secure a volume of 
gas that would normally occupy a space three or 
four hundred times that of the rifle chamber. As 
the grains of the powder are rapidly decomposed, 
and are still in a perceptive mood, they are gradu¬ 
ally expanding as they follow the bullet, a certain 
distance up the barrel. On the other hand, nitro¬ 
glycerine, when detonated, releases a volume uf gas 
one thousand times greater than that now used, and 
it is set off instantaneously. In order to appreciate 
the difference of effect, such an experiment would 
have to be made in free air. Yet it would be found 
that the free air would be pressing with enormous 
weight and mechanical force, equally on all sur- 
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faces surrounding the detonation. In such a sud¬ 
den detonation, say of nitroglycerine, the gas must 
lift the whole weight of air pressure, which is similar 
to the weight used in a pile driver. Such a large 
block of metal cannot be lifted without the help of 
a powerful engine. For example, then, if we should 
detonate a small quantity of nitroglycerine yielding 
a cubic yard of gas. it would lift the pressure on one 
square yard of air, or about 50,000 foot-pounds, 
which is equivalent to the pressure developed in a 
service Springfield rifle chamber. This sudden vol¬ 
ume of gas would be equivalent to a blow by the 
force of the atmosphere against the weight; or, a 
more apt illustration: The air would become the 
greater mass, and would act as an anvil; therefore, 
it would become a forced blow by the air against 
the weight. 

For the sake of comparison, let us consider the 
action of improved military gunpowder under the 
same conditions. It would yield only one-third the 
volume of gas that nitroglycerine would yield, 
and would raise the same weight only one-third as 
high; it would be doing only one-third the amount 
of mechanical work, but it would be a much better 
propellant force. The gas generated from gun¬ 
powder requires one hundred times longer to get 
into action—to release all the gas confined in the 
powder grains—than does the gas of nitroglycerine; 
and under such circumstances, it is easier to lift the 
weight than the air. 

For the sake of discussion, we will now consider 
the pressure of air against any broad surface; for 
instance, a block of wood which will measure one 
cubic foot. Naturally, such a block is equal on all 
sides. When it remains still, all the air molecules 
have freedom of movement around it; when we 
move it slowly forward, we encounter a slight resist¬ 
ance. If we push the block rapidly forward, the 
resistance of the atmosphere increases, for we have 
not given the air molecules time to change their 
position, and they have retarded the block, if we 
were to increase the motion to the highest speed 
ever attained by a racing car—say, six miles per 
minute—there would be encountered still more mol¬ 
ecules offering resistance, and considerable friction. 
Increase that velocity ten times, which is sixty miles 
per minute, nearly four times the velocity of sound, 
and the block of wood would disappear in dust. 
Multiply again the velocity ten times, and not even 
a plate of steel 5^ inch in thickness could withstand 
such resistance, for we have now reached a greater 
velocity than that of the earth as it passes through 
space; but the comparatively dense air at the earth’s 
surface would present an almost impregnable bar¬ 
rier against the hardest piece of metal, and it would 
be burnt up by friction when hitting such a barrier. 


So, in the case of the detonated nitroglycerine, when 
the weight of the metal in the pile driver strikes 
the atmosphere with such a velocity, it has the same 
effect as that of hitting a solid anvil, and the metal 
block may be fractured by the sudden blow. 

Black Gunpowder —We shall again fix our at¬ 
tention on the gunpowder which urges a bullet in 
flight. This is composed of combustible matter 
which, if burnt in the open air, would yield a cer¬ 
tain amount of heat. It will not yield this amount 
if it performs the work of urging a bullet from a 
rifle barrel. The heat in the latter case will fall 
short of the heat produced in the open air, by an 
amount equivalent to the weight of the bullet; but 
the original amount is again restored by the bullet 
on its collision with any object. This is not diffi¬ 
cult of comprehension, especially if the bullet is 
instantly recovered after hitting a hard obstacle, as 
many shooters have painfully discovered. In this 
perfect way are heat and mechanical motion con¬ 
nected. 

Most high-school boys have tried to make black 
gunpowder at some time or other with varying de¬ 
grees of success. My own experiments usually led 
to a large puff of smoke, a bad smell, and no harm 
to anyone, until I thought of confining the mixture 
in a heavy piece of pipe with one end welded shut. 
Over it I rammed a lot of newspaper and a heavy 
lead slug made out of a piece of water pipe. This 
contraption was then aimed at the rear of an out¬ 
house ten yards away—one of those places which 
had a crescent moon cut out on the north and south 
sides for ventilation. After the smoke had cleared 
away, and I had recovered from the explosion, I 
ran to examine the effects of the bombardment. The 
lead slug had gone sideways, so it seemed, for it had 
made a hole in one of the boards which I could have 
put my head through, and had torn off a large board 
on the edge of the door on the opposite side, to¬ 
gether with the button which kept the door closed. 
It was very fortunate that no one was in the place 
at the time, as this possibility had never occurred 
to me. But it was not long before the damage was 
discovered, and I was accused of destroying property 
with a pickax. This I acknowledged, and took the 
licking I so richly deserved. The experimenter will 
usually owe his safety to his invariable lack of com¬ 
plete success, but if he compounds his black gun¬ 
powder correctly, as I had mine, it is capable of 
doing a lot of harm, especially in the hands of a 
high-school boy with no common sense and a lot of 
sporting instinct. 

One thing is quite certain: If charcoal, saltpeter 
and sulfur are ground very' fine and mixed together, 
and if this mixture is not successful as an explosive 
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when confined, we have at least done our best, for 
we have produced a glorious blaze and a horrid 
smell. Hut to make the compound really successful, 
the mixture is wetted and pressed into cakes and 
dried, and when dry, broken up into small pieces 
and ground to the size of grain desired. The precise 
proportions of the materials seem to vary a great 
deal with various makers, but generally speaking 
there is about 75 per cent of saltpeter (potassium 
nitrate), 15 per cent of willow charcoal, and 10 per 
cent of sulfur. 

Black powder, like all explosives, is simply a mix¬ 
ture of certain elements which arc capable of burn¬ 
ing very suddenly when ignited. When the furnace 
fire has been started, we let in plenty of air to en¬ 
courage (he process called combustion, or the gen¬ 
eration of light and heat by the chemical reaction 
of oxidation. 

What really takes place in the furnace is that 
the carbon confined in the coal enters into combi¬ 
nation with the oxygen from the air, and the two 
together form the compound called “carbonic acid 
gas.” There is nothing lost or destroyed in this 
process; the carbon and oxygen have simply been 
changed into the new substance, and if we were to 
weigh the gas produced wc should find that it agreed 
precisely with the weight of the carbon and oxygen 
consumed. Naturally, a fire is required to heat our 
home, but the chief feature of this process is not the 
forming of gas, for (hat simply goes off into the free 
air through the chimney; (he important thing is the 
heat which is released. The heat is hidden, locked 
up, “latent” in the coal; we cannot feel it nor can 
we perceive it in any manner, but it appears as soon 
as we allow the carbon to combine with the oxygen. 

To most minds, however, the energy of heat pre¬ 
sents itself as a thing totally distinct from ordinary 
energy. When we apply the match to the fuel, all 
wc do is to set up the conditions under which carbon 
and oxygen are able to follow their natural instincts. 
By the friction of wood a savage can raise it to the 
temperature of ignition; by properly striking a piece 
of steel we can cause it to glow, and thus generate 
heat. 

A coal fire burns slowly, for the simple reason 
that ignition is only at the surface of the lumps; it 
is only there that carbon and oxygen are in contact. 
But if we grind up the coal, as Dr. Diesel did, into 
a fine powder, and then blow a cloud of it into a 
cylinder of compressed air, so that every minute 
particle is surrounded with air, a spark will cause an 
explosion. And if the cylinder were made of glass 
it would be shattered into minute particles. 

To cause an explosion, even in a small mass, we 
require fuel, just as we do to make a fire; but the 
mass must be intimately mixed with oxygen, so that 


it can burn completely in practically a single im¬ 
pulse. In black powder we obtain these ideal con¬ 
ditions. There is the carbon in a definite form, and 
the sulfur which likewise burns readily, and in the 
potassium nitrate (saltpeter) the requisite oxygen. 

At all events, it is plain that we do not need to 
speculate upon the furnishing of air for the oxygen, 
for the powder thus compounded possesses it, con¬ 
fined in the potassium ni(rale. Surely, we now can 
understand why it is so important that all the ele¬ 
ments be ground very fine, for only by this means 
can every particle of the ingredients be put into 
close relations with each other, so that they are 
ready to furnish the necessary amount of oxygen 
when ignited. Then, every particle is pushed against 
its neighbor and forms a gas with extreme rapidity, 
so that the bullet is propelled so fast from the muz¬ 
zle of the barrel that the eve cannot detect its 
presence as it speeds toward the target. It is well 
to remember that all substances whose names begin 
with “nitr-” contain nitrogen: while the termina¬ 
tion “ate” signifies the presence of oxygen. Thus 
we need the oxygen, not only in the primer mixture, 
but also in the powder, to cause (he explosion. We 
make no direct use of the nitrogen, yet it has (o be 
present, for without it the oxygen would be too slow 
in forming the essential gases. 

Nitrogen is one of the strangest substances on 
this earth. Alone, it is extremely lazy, but it has 
the faculty of hurrying any other group of elements 
which are specifically radical. Whenever it is pos¬ 
sible to have nitrogen gas enter into combination 
with other elements, it is well to look out for some 
extraordinary activity of an explosive sort. 

Let us now turn our attention to the spark that 
we may apply to a quantity of gunpowder. This 
spark passes among (he particles in which we have 
set up an ideal condition for the combining of car¬ 
bon and oxygen. The result may be anticipated. 
The nitrogen acts upon the oxygen which has been 
stored in the nitrate, and a sudden burning is the 
result. Here, then, our gunpowder is suddenly 
changed into a volume of hot gas; that is to say, 
one cubic inch of gunpowder has been suddenly 
changed into 2500 times its volume, and wc now 
have what we term an explosion. If this takes place 
in an enclosed space, so that the gas cannot expand 
as it wants to, the result is a pressure of so many 
tons to the square inch exerted in all directions. 
And if this enclosed space is (he chamber of a gun, 
that energy or working power is available (o force 
the projectile from the barrel, measured in so many 
feet per second. And if the bullet is shot upward 
at any desired angle, it consumes the actual energy 
which the gases were capable of producing, together 
with *hc stored-up potential energy. When it 
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reaches its utmost height, all of its actual energy is 
consumed, its potential energy being then at its 
maximum. 

Black powder, of course, is very seldom used now 
for sporting purposes, but it still has some special 
uses in warfare. Because of the great amount of 
smoke, such powders are not used for military oper¬ 
ations today; all powders are of the smokeless type, 
and known as the improved military rifle powders. 
The reason why black powder makes a dense smoke, 
is that the burning which takes place is very in¬ 
complete; therefore, more than half a century ago, 
attention was tixed on the producing of powders 
that would bum more completely. 

Smokeless Powders —One of our best-known 
smokeless gunpowders is a double-base powder, the 
basis of which is nitroglycerine. This was one of 
the first to be successfully used in military small 
arms, ancl its main ingredient is glycerine. 

Glycerine consists of carbon, a lot of hydrogen, 
and some oxygen. These are not merely mixed to¬ 
gether, but are in chemical combination, just as 
oxygen and hydrogen are combined in water. Both 
carbon and hydrogen will combine with oxygen and 
give off heat in the process, but in glycerine they 
are already dexterously united. Glycerine itself has 
no value as an explosive, but if we bring nitric acid 
and sulfuric acid into contact with it. an affinity 
takes place, and two new combinations are formed, 
one being water and the other a compound contain¬ 
ing carbon and hydrogen, a considerable amount of 
oxygen, but most important of all, nitrogen, that 
restless element to be feared. 

The term “force” has been for some time creeping 
upon us. We now apply it to nitroglycerine, a par¬ 
ticularly dangerous explosive (as we have already 
pointed out), for nitrogen seems to be so uncom¬ 
fortable in this mixture that at the least provocation 
it will tear apart the whole combination, liberat¬ 
ing a mass of free atoms of carbon, hydrogen and 
oxygen, all seeking molecular attraction, which may 
be called chemical affinity, and all set for a glorious 
detonation. 

So untamed is nitroglycerine that it was almost 
useless until Nobel tamed it by mixing it with an 
earth called Kieselguhr, which reduces its sensitive¬ 
ness sufficiently to make it a safe explosive to use. 
To this mixture Nobel gave the name of dynamite. 

It becomes interesting at this point to compare 
the action of nitroglycerine with that of black pow¬ 
der again. The latter is only a mixture: the former 
a chemical compound. The smallest particle of the 
typical black powder contains millions of molecules 
and a still larger number of atoms; but when nitro¬ 
gen breaks up nitroglycerine, just before the actual 


detonation takes place we have but a mixture of 
single atoms; therefore, the burning is quicker and 
more thorough, and a moving force collides with 
the atmosphere. 

Gun-Cotton —Another well-known explosive is 
gun-cotton. In the early stages of its discovery, 
many attempts were made to use it as a substitute 
for rille powder, as it possessed the advantage over 
all other powders of burning without any percepti¬ 
ble residue and also without any smoke. It seems 
very strange, but is perfectly true, that nitrogen 
can turn glycerine into dynamite, and can also turn 
cotton into gun-cotton. Cotton consists mainly of 
cellulose, a compound of carbon, hydrogen and oxy¬ 
gen, which has no tendency whatsoever to change 
into anything else, least of all to explode in its nat¬ 
ural state. But that state of things naturally 
changes when we employ nitrogen to hasten the ac¬ 
tion of the other elements. 

In actual manufacturing practise, cotton, pure 
and clean, is dipped into a mixture of sulfuric and 
nitric acids whereby the cellulose is changed into 
nitrocellulose, just as a similar process changes 
glycerine into nitroglycerine. Naturally, the whole 
process of manufacture is far more complicated than 
that of simply dipping the cotton into the acid 
tanks, but this is the fundamental process. The 
greatest problem is to eliminate the superfluous acid 
before reducing the mass to a pulp and pressing it 
into blocks. It is probably the safest of explosives, 
since it can be kept wet, in which condition the 
danger of an accidental detonation is practically nil, 
provided reasonable care is taken. Even when dry, 
one need not fear it. If ignited, it burns but does 
not explode—unless confined. The burning, that is 
to say, is not rapid like that of black powder. 

When confined and exploded by a primer—by 
which is meant a cap inserted in the base of a cart¬ 
ridge case where a small quantity of a very hot ex¬ 
plosive is confined, such, for example, as fulminate 
of mercury mixture—the result is a swift formation 
of gases which leaves little to be desired in a mod¬ 
ern load for small-arms cartridges. 

Powders made cither from nitrocellulose or from 
nitroglycerine, of which gun-cotton is the basis, 
will produce four times greater explosive effects 
than black powder; for the density of smokeless 
powder is less than that of black powder, and there¬ 
fore the weight for the same volume is less. Nobel 
also discovered, in 1866, that if the proportion of 
nitrocellulose was approximately equal to that of 
nitroglycerine, and the materials were incorporated 
by rolling the pressed blocks between hot rollers, he 
thus obtained a suitable rifle powder. This is now 
called a double-base powder because it contains 
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both nitrocellulose and nitroglycerine. The single¬ 
base or nitrocellulose powders were bulk powders 
and were originally designed to load on the bulk- 
for-bulk basis with black powder. 

By combining various substances or elements, 
various characteristics can be secured in the propel¬ 
lant. The propellant must not be too sudden in its 
action. It must have a steady, expanding force. 
Its purpose is to drive the bullet; therefore its ac¬ 
tion must be slightly delayed but continuous while 
the bullet is still in the barrel. 

The primer or detonator, which is located in the 
base of the cartridge case, must be indeed sensitive 
when hit by the striker or firing pin; yet it must be 
absolutely safe, so that it can be handled by all 
classes of people with very little risk of exploding. 
I have seen heavy trucks flatten out loaded ammu¬ 
nition as thin as cardboard, and have never known 
of one primer exploding under such hard treatment. 
But a sudden blow bv the striker makes a vast 


difference. Of course, primer mixtures vary, but 
fulminate of mercury is often employed for this pur¬ 
pose, together with meal black powder, potassium 
chloride, antimony sulfide, etc.; but in all combi¬ 
nations of which they are made, nitrogen figures 
largely in the mixture. 

Uniform Loading — One thing may be mentioned 
in relation to powders and primer charges which is 
of the greatest importance to those who use a lot 
of ammunition. The manufacture of ammunition 
demands not only the best of chemicals but also the 
utmost uniformity in the loading operations, so that 
when a sportsman inserts a cartridge in a gun cham¬ 
ber he can rely upon its throwing each bullet nearly 
to the center of its predecessor. A target shooter 
seeks to throw bullet after bullet within the center 
of the ten ring, which would clearly be quite impos¬ 
sible if one powder charge were heavier or lighter 
than the other. 


CHAPTER Vm 


Gauging the Wind in Shooting and in Rifle Testing 

■-•-- 


W E HAVE been firmly convinced for a num¬ 
ber of years lhal all shooters, together with 
the technicians testing arms and ammunition for 
accuracy, tend to overestimate the strength of the 
wind upon bullets in flight. We believe we can 
show to a reasonable degree of satisfaction that any 
shooter or technician who estimates the velocity 
of the wind while at the firing point is almost cer¬ 
tain to make a bad guess, especially if the wind is 
strong. 

To begin with the negative (as naturally the 
first in order to clear the ground for the other): I 
have no belief in any perfect or ideally accurate 
gun or ammunition when fired against any weight 
of wind force; and as our philosophy of the subject 
is founded exclusively on firing-trial observations 
for a number of years from the proof house (a 
laboratory where guns and ammunitions are tested), 
and from the firing points of the rifle range, we 
are largely limited to firing-trial experience from 
these positions rather than on the range, where 
weapons arc shot from the shoulder, and where 
we have to depend directly or indirectly upon per¬ 
sonal observation. Also, we have no confidence in 
the duration of such accuracy as a gun and am¬ 
munition may actually possess under such circum¬ 
stances. We have too often experienced that, in 
changing winds, the accuracy of the gun and its 
ammunition may be destroyed by causes over which 
we have no control. The two negative words best 
to characterize our accuracy in both rifle and its 
ammunition from this point of view are therefore 
the imperfection of the mechanical features of the 
gun and the known uncertainty of the wind pres¬ 
sure against all weights of bullets in flight. This 
law applies to all small arms and their ammunition 
without exception. There arc very great differences 
in the degrees of accuracy when the human element 
and wind pressures are considered as factors, for 
under these circumstances the best of guns and 
ammunition are imperfect and the targets uncer¬ 
tain. The best results are those obtained with 
guns and ammunition upon a still, cloudless clay, 
with the temperature at 72 degrees F. 

On the other hand, the positive side of my belief 
in the accuracy of small arms and the human 
factors controlling all shooting results is as de¬ 


cided, and as firmly rooted in reality, as the nega¬ 
tive. T know from my own experience, and from 
the experience of many others testing arms and 
ammunition, lhal the accuracy of these arms is of 
the very best, and that we can all accept it as the 
best in our day and age; for the accuracy of the 
best grades of arms and ammunition is much closer, 
when tested from the proof house, than when the 
weapons are fired from the shoulder. Therefore, 
the owners of firearms have a chance to accomplish 
the best possible results under all shooting condi¬ 
tions; but first, a study of the wind conditions 
under which bullets make their flight to the target 
must be made. 

It may help us to understand the question more 
thoroughly if we consider that there are two distinct 
ways in which the strength of the wind may be 
specified. It may be expressed in terms of pres¬ 
sure, or it may be expressed in terms of velocity. 
Both pressure and velocity are quantities which 
can be measured directly with instruments. But, 
lacking the proper instruments, the shooter is 
obliged to describe the wind solely with the aid 
of visual and sensory observations. The prevailing 
tendency among shooters, under these circum¬ 
stances, appears to be to estimate the wind in terms 
of velocity. That is a mistake which we shall 
now attempt to demonstrate. 

To gauge the speed of the wind correctly, we 
must he able to determine the distance which the 
air travels in a given time. Obviously this can be 
done without instruments (other than a watch) 
only when the drift of smoke between tw r o fixed 
reference points separated by a known distance can 
be observed. These aids are not usually available 
on the range. It hardly seems necessary to indi¬ 
cate further the absurdity of attempting to estimate 
the velocity of the wind when the motion of the 
air is not visible. 

Doubt has often been expressed as to whether it 
is of any use to concern ourselves about wind pres¬ 
sure at all in shooting. The less we think about 
it—the less we consciously aim to take it into con¬ 
sideration—the more probable it is, according to 
my own experience, that we shall never attain the 
honors that go with successful shooting. Those 
who wish to win all honors possible must face the 
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Fig. 20 

All marksmen should have an anemometer in view to tell the 

force of the wind 


fact that the pressure of the wind produces defi¬ 
nitely observable effects upon bullets in flight. 
The behavior of a flag serves as a direct measure 
of the wind pressure, as does the degree of ruffling 
of the surface of a lake. Therefore, the logical 
way in which to describe the wind while on the 
range is in terms of pressure or force. 

Because of the practical impossibility of ob¬ 
serving visually the motion of the air, it is probable 

that most shooters formulate their velocity esti- 

• 

mates from the perceivable effects of the wind 
pressure upon the grass and weeds between them¬ 
selves and the target. Now, it would be perfectly 
legitimate to use these effects as a measure of the 
relative velocity if the absolute velocity were pro¬ 
portional in simple linear fashion to the pressure. 
Actually, however, the pressure is proportional to 
the square of the velocity, and on that account it 
is wrong to assume that the velocity has doubled 
because the “weight” of the wind has increased 
twofold. Certainly, this is the outstanding if not 
the sole reason why so many shooters tend to over¬ 
estimate the velocity of strong winds blowing over 
any rifle range. Most of us have discovered how 
this can occur. 

In like manner a shooter gauges the “weight” 
of a certain breeze by its effects on a specific weight 
of bullet. He later learns that an anemometer 
(shown in Figure 20) recorded the velocity of the 
breeze as 14 miles per hour coming from the direc¬ 
tion of “3 o'clock,” as shown by the wind gauge 


(illustrated in Figure 21). The pressure brought 
to bear upon a bullet by a 14-mile breeze, whether 
coming from 3 o'clock, 6 o’clock, 9 o’clock or 12 
o'clock, is approximately 0.75 pound per square 
foot. In like manner he is deceived by a breeze 
which, judging by its effects, has twice the weight 
of the 14-mile breeze against the weight of the 
bullet, so that he assumes it must be blowing 28 
miles per hour. But the velocity of a breeze which 
exerts a pressure of 1.5 pounds per square foot 
is only about 20 miles per hour. The whole 
velocity, it must be said, has been overestimated 
by 40 per cent. For example: a wind which has 
three times the weight of a 14-mile breeze has a 
velocity of only 20 miles per hour. The relation 
between wind velocity and wind pressure is the 
effect of a slow, continuous change in the drift of 
the bullet in the opposite direction from that 
which the pointer of the wind gauge shows, except 
when it is blowing from the direction of either 
6 nr 12 o'clock. 

The impossibility of realizing the ideal in shoot¬ 
ing over long ranges will be seen at once, which 
proves clearly that in the interest of accuracy it is 
necessary to estimate the wind, whether upon the 
range or at the proof house, in terms of “force,” 



Fig. 21 

A wind gauge also should bo In view on any target range so 
that the changing direction of the wind may be observed 
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that is to say, in terms of the pressure brought to 
bear upon the weight of the bullet and the distance 
it is shot. The most usual practise, and the most 
favorable, although it is not adhered to, is to record 
the velocity of the wind, and later on convert this 
into wind force against the bullet over the distance 
it is shot. Too many target shooters, T believe, 
merely guess at the velocity of the wind, and 
never refer to any written record. Since this method 
amounts to putting the cart before the horse, and 
since it is never followed by the experts, the wisest 
plan for all beginners in target shooting is to really 
study wind pressures and their effects on all kinds 
of shooting. All the laws of nature can then be 
easily repealed, and the shooter can free himself 
of guess work and get down to reality. 

The beginner in target shooting who has the 
sense of reality in nature is not surprised by wind 
phenomena, though he may at first disregard them 
and then seek some practical means of overcoming 
their evil effects. For him, as well as for other 
riflemen during the past century or more, it has 
been a natural force to contend with in rifle shoot¬ 
ing. Men specified the strength of the wind 
through such descriptive terms as “calm day,’’ “air 
gently moving” “breeze,” “wind,” “heavy wind,” 
qualified by such adjectives as “light,” “moderate,” 
“fresh,” “strong” and “heavy.” Riflemen could 
not define these expressions concretely in terms 
of velocity, pressure, force, or the weight exerted 
against a bullet in flight. The evil done by the 
action of the wind on weeds and grass tops in 
front of the shooter, has caused him to move so 
many clicks on the windage screw of either aper¬ 
ture or telescopic sights, or to hold high, low, to 
the right or left of the ten ring’s center on the tar¬ 
get; yet this is as nothing in comparison with the 
good that can be accomplished by understanding 
the facts as presented by the proper instruments 
made for such purposes. 

A correct estimate of the force of the wind can¬ 
not be made at the firing point by observing what 
the ground elements do, for a measurement of its 
velocity has little meaning unless it be translated 


into accurate terms of pressure. Even the exposure 
of the anemometer must be taken into account if 
it is desired to convert wind velocities recorded by 
the anemometer into windage clicks. 

It should now be clear that the determination of 
wind velocity equivalents into that of windage 
clicks, if indeed it is possible to say at all what 
limits can be rigidly assigned, is by no means a 
simple problem, for the reason that there is no 
unique relationship between wind velocity as re¬ 
corded by anemometers and estimates to be made 
on windage clicks. But the rifleman without an 
anemometer is concerned only with availability of 
reliable methods of estimating the strength of the 
wind in terms of either velocity or force, that which 
deflects the bullet in its flight toward the target. 
As we have already pointed out, the logical way 
is to estimate it in terms of force, not velocity. 

However, an enterprising rifleman with a scien¬ 
tific turn of mind could, if he were willing to take 
the trouble and shoulder the expense, make a 
series of measurements from an accurately made 
machine rest equipped with micrometer adjust¬ 
ments, and thereby devise a scale of measurements 
in thousandths of an inch, which would enable a 
shooter to use so many thousandths to counteract 
the force of the wind against various weights of 
the more popular bullets, shot at various distances 
and at various velocities. In view of the growing 
popularity of target shooting here in this country, 
and the greater tendency in this direction that 
will come after many of our young men are dis¬ 
charged from the army, such a scale of measure¬ 
ments would be invaluable, because the sight in¬ 
struments controlling windage and elevation now 
on the market are far from accurate. In all in¬ 
stances, more precise determinations could be made 
if the machine rest were used as the gauge, not 
to consider the “drift” of the bullet, but to observe 
that factor together with the trajectory. In fact, 
any attempt to draw up specifications of a spinning 
bullet against the force of wind would merit the 
attention of all target shooters. 



CHAPTER IX 


The Cost of Firearms 


I N THE city of Teheran lived Baba Khalet, the 
Wise One, to whom came many Persians, 
traveling from far and near for counsel, which he 
gave freely to all, seeking nothing for himself in 
return. 

There came to him a young sportsman, foolish 
in the spending of his money. “Tell me, O Wise 
One, what shall I do to receive the most for what 
I spend?” 

Baba Khalet answered, “A thing that is bought 
or sold has no value, unless it contains that which 
cannot be bought or sold. Look for skilful work¬ 
manship, that which has great value!” 

“But, how shall I know that, if it is a gun which 
T buy?” asked the young sportsman. 

Spoke the Wise One, “My son, workmanship can 
be easily proven. Glance at the products displayed 
in the market places, look at the guns, therein will 
you find the honor and the integrity of him who 
makes it, or the lack of these qualities. Consider 
well his name before you buy.” 

What weary American sportsman, gun-buying 
tired, does not feel something of the truth of those 
words? It is difficult even for a man who is not a 
sportsman, but is one who just likes guns, and likes 
to walk into an ordinary sporting-goods store occa¬ 
sionally without paying particular attention to the 
extraordinary number of guns displayed in the show¬ 
cases. He wonders who buys them, how any real 
value can be set upon them, for at times, to him, 
they are just guns—all alike from a distance. 

But most of us, I suppose, purchase them as 
presents for ourselves. We buy some four or five 
such guns during our lifetime, out of such show¬ 
cases, and we are not really gifted with the true 
sporting instinct. But if we were true sportsmen, 
on rare occasions wc would take particular pains to 
see that our indulgence shall not be wasted on cheap 
guns, for this time we intend to purchase a gun 
worth buying. Many good guns, of course, can be 
found in showcases, but the very best are usually 
purchased on special orders from the best gun- 
makers here and in England. 

In our early days of gun enthusiasm the matter 
was comparatively simple. We were then influenced 
by simple people, who held communal ideas about 
personal property. Your guns, old and newly pur¬ 


chased, were at their disposal, to be borrowed at 
any season of the year. Or others would reason in 
this fashion: “Sportsmen of just ordinary intelli¬ 
gence seldom like a good gun. and those with intel¬ 
ligence are dissatisfied with all good guns, fur they 
were never cleaned when they were returned, and 
for that reason sportsmen purchase only cheap 
guns.” And it is very likely that many of the guns 
in such showcases are just cheap guns to be pur¬ 
chased for just that purpose, even though there arc 
good guns among the cheapest, with a good Ameri¬ 
can name stamped on the action or the barrel. And 
these are influencing factors in the purchaser's 
mind. 

Gun-Appreciation Sense —In the first place, 
guns can never be counted among the necessities uf 
life, nor among its more common luxuries. The 
man with false sporting ideas gushing through his 
mind, in some manner becomes rich, and is able to 
command luxuries. He then feels it his duty, along 
with his other falsely developed appetites and tastes, 
to attempt to buy guns. He may understand motor 
cars, and have three or four of the best make, to¬ 
gether with good clothes and a fine home, miles out 
of town, but his esthetic sense has not had the 
proper training in sportsmanship. Fine guns do not 
find a place in his beautifully built gun cabinet. He 
does not understand them. Perhaps, he is not to 
lie blamed for this, because there is nothing in the 
wealth-winning process of this modern age to de¬ 
velop a love for such an art, or the power to judge it. 

To purchase guns one must have money, and 
after buying them, one must be able to appreciate 
them in order that they may become a constant 
source of pleasure; and to like the best guns, one 
must also have an educated instinct for the out¬ 
doors. There are a great many people who have 
money and are quite willing to spend it for guns, 
could they be certain that they would receive their 
money’s worth. They know that there is great satis¬ 
faction to be found in owning good guns, and in 
winning good scores on targets or bringing home full 
bag limits. Having no confidence in their own 
judgment, however, they hesitate to buy, lingering 
for a long time before a well-stocked showcase. 
They weigh and dispute the merits of rival models, 
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calibers, shotgun gauges, “the speed of bullets/’ 
“the accuracy of shotgun loads.” They repeat the 
lies others have told about a guns killing power, 
and after laboriously deliberating, they usually 
select—just a gun, irrespective of gauge or caliber 
or maker, the kind of gun we would be ashamed to 
have in our possession if we had money at our com¬ 
mand. 

It is not until a later day that they begin to 
doubt, and to wonder why they ever purchased such 
a gun, or why it so enchanted them at the time. 
The psychologist would, perhaps, diagnose this 
doubting as the first step toward the acquisition of 
a gun-appreciation sense. 

Encouraging the Gun-Maker —This seems to 
bring us, finally, to the point where we are about 
to purchase either a rifle or a shotgun. The possi¬ 
bility of realizing the ideal will be seen at once as 
we examine two admirable weapons, one, a second¬ 
hand shotgun made thirty years ago; and the other 
a rifle, made but recently by a maker whose name 
is respected the world over. Both guns are priced 
at the same figure. Either, we feel, would be a 
treasured addition to our gun cabinet. The tempta¬ 
tion at such a moment is to toss a coin. But there 
are, as a matter of fact, many reasons why we 
should purchase the modern gun, and all worthy 
reasons. If wc decide to purchase the shotgun wc 
shall not be conferring a benefit upon its maker. 
Wc shall not be encouraging the dealer to purchase 
various models of that particular gunmakers work. 
We shall not he bettering the conditions of a gun- 
maker’s life, for a few days, weeks, or merely hours. 
Bui we may, by purchasing the modern rifle, en¬ 
courage him to continue his work of producing bet¬ 
ter guns. 

Individual gunmakers, that is, the best of them, 
here and in England, are not business men. Unlike 
the manufacturers of other commodities, they have 
but few opportunities to dispose of their products 
or increase their fortunes. The private gunmakers, 
unlike our large American arms companies, have no 
combination of interests to reach the great purchas¬ 
ing public. Many would suggest advertising. Yes, 
we know that the world was not very old in culture 
when it began to advertise. Today, a “horsy” 
sportsman, laying aside his newspaper or magazine, 
might remark, “I rode through page after page of 
advertising without saddle or bridle. Now what 
can I believe?” But private gunmakers cannot ad¬ 
vertise extensively, for there is not so great a profit 
in their creations as in other lines of business, even 
though many have been termed “robbers” by self- 
styled sportsmen. I remember being called a rob¬ 
ber by one who was worth two million dollars, 


after I had worked all day upon his Westley Rich¬ 
ards best make of shotgun and charged him the ex¬ 
orbitant fee of seven dollars. Expressions of that 
nature have been coined only by men of that cali¬ 
ber, and are so easily said. 

Advertising —And so we are advised to adver¬ 
tise? Advertising leads to competition, and com¬ 
petition to pressure. Whether a gun is as accurate 
as an arrow shot from Nimrod’s bow, or as bad as 
an old Civil War musket we once experimented 
with, nowadays it must be “pushed,” or it will re¬ 
main unknown. If sportsmen, the world over, could 
make known exactly what they want in firearms, 
and, having done that, would have the patience to 
devote time to a search for gunmakers who would 
fill their needs, the so-called “push” would not be 
required. 

The sporting world is too lazy to determine its 
own wants, and the advertisements of rifles, shot¬ 
guns, revolvers, cameras, fishing rods and tackle, bin¬ 
oculars, etc., all of which can now be purchased on 
the installment plan, are a perpetual reminder, in¬ 
sistent and powerful, and indispensable under mod¬ 
ern business technique. So we turn to the pages of 
our favorite magazine or newspaper, and we see the 
ability of the showman to arrange words and pic¬ 
tures to catch the eye of the experienced and inex¬ 
perienced alike. But practical observation of good 
firearms by the interested buyer is the best method 
of being impressed, especially by their performance 
in the hands of others. 

Tailored and Untailored Guns—Sportsmen are 
willing to admit that good guns can be made by our 
best private gunmakers, and that our large arms 
companies are capable of turning out admirable 
firearms successfully under the direction of experi¬ 
enced men. In England, if they have not been 
destroyed by German bombs, sporting firearms are 
privately made by individual gunmakers whose 
firms have been in business for several generations. 
Here in the United States there are only a few small 
gunmaking establishments, with a small number of 
shops whose owners barely make a living, while the 
great mass of guns manufactured come from the 
large plants and are standard models, untailored, so 
to speak. The British sportsman is more fortunate 
for the reason that his guns are tailored to fit him. 
He feels at liberty to deal with one particular firm 
of gunmakers, whom he appreciates, admiring their 
models, their designs of actions and barrels, and 
their performance in the field, whether rifle or shot¬ 
gun, and their name, as well as their workmanship, 
is in his mind superior to others in many respects. 

London and Birmingham are the centers of the 
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British gun trade. In London are found the great¬ 
est number of rival gunmakers. There are many 
good establishments, and to do justice to all, it 
would be necessary to name all of them. If, for 
instance, we were to say that Purdcy is considered 
to make better guns than Westley Richards, or 
Churchill, that would be doing these firms an in¬ 
justice, for all three firms turn out excellent guns. 
It is not the duty of an author or a magazine writer 

to say: “In my opinion,-makes the best 

gun.” The opinions of any author, in such a case, 
would be ineffective when there are a dozen good 
firms making excellent products. It is the sports¬ 
man who must form such an opinion for himself. 
He is the one who must make the choice between a 
heavy and a light gun; between doubles and over- 
and-under; long barrels against short; large gauge 
against small; choke barrels against open bores; 
single against double triggers; engraving against no 
engraving. Questions and decisions to make, choices 
of models which have had the support of sportsmen 
for more than a century! What wonder that opin¬ 
ions are both pro and contra, here and in England? 

Cost of the Best Gun—The chief differences of 
opinion have come from sportsmen using the best 
guns—the famous best guns. It is only in the es¬ 
tablishments of the British makers of famous guns 
that standards have been set, to be used as a means 
of judging or rating the guns made in other coun¬ 
tries, including the United States. The best gun in 
England costs between $750.00 and $850.00, which 
is the price by which to judge the value of other 
guns. 

We must admit that $850.00 is a high figure to 
set for the best gun, but that is the price, the value 
at the top, if we consider the sportsman’s buying 
ability as one would a person's credit rating. As 
the financial standing descends, so do the prices of 
guns, until we reach the lowest value for weapons; 
for example, wc learn that it is possible to purchase 
a gun for $3.59 through a mail-order catalogue. 
That would represent the lowest financial credit 
rating. It is not enough for one to become ac¬ 
quainted with gun prices only; a gun’s value is de¬ 
termined when the maker’s name, the finish, the 
workmanship, the accuracy and performance are 
disclosed. Their values must be proved. It is ob¬ 
vious, however, that a perfect comparison cannot be 
made, due to the fact that the prices of guns vary 
so greatly, being naturally adjusted to suit the 
tastes of sportsmen whose finances will not warrant 
the expenditure for the better-grade guns, which 
come under the heading of luxuries. 

We, as sportsmen, would not hesitate, provided 
we had a good income, to purchase the best guns, 


but unfortunately the majority of us are only able 
to purchase certain kinds of guns at catalogue 
prices, and in turn to consider the value of the 
pleasure they may bring to us. We get the best we 
can afford, and, strange as it may seem, are often 
satisfied with the value received. 

That money is worth only what we can purchase 
with it, is perhaps a truism, but it is a truism which 
a majority of sportsmen ignore, because they rarely 
find themselves with a large enough bank balance to 
purchase the best guns. They know, of course, that 
variations in the price of firearms do exist. But 
money does not cause a sportsman to change his 
viewpoint on the worth of guns, for they are nol a 
medium of exchange. They have no more value 
than the paper on which money is printed. It is the 
estimate which the sportsmen places on guns which 
is of value, and this is based on the amount of 
pleasure derived from shooting them and being out¬ 
doors. 

The price of guns is not regulated by the price of 
the ammunition which they shoot, but by the 
amount which the owner can afford to spend upon 
his pleasure. Therefore, among sportsmen, guns 
have a certain value which to others is nonexistent 
—an intrinsic value that comes with the feeling of 
possession. 

There is one class of people, we have found, to 
whom money in itself is of value, and they are the 
sportsmen who have never earned it. But to the 
vast majority of sportsmen, money is the medium of 
exchange between hard labor and their needs. They 
labor and in return for their labor they have food 
to eat, a home, and a fire for warmth. We do not 
purchase guns with dollars, but with hours spent at 
a desk, behind a plow, in front of a machine, or in 
an office. We should not, when we purchase a gun, 
think of the gun’s worth or cost in terms of so many 
dollars, but in terms of so many hours. And so, in 
the same way, when we open a catalogue, we should 
translate guns and dollars into labor. You will 
often hear sportsmen say of an expensive gun just 
purchased, “And in five minutes a month’s salary 
went south,” which is simply one way of translating 
pleasure into energy spent at labor. 

The dollar is the interpreter, the medium, be¬ 
tween our guns and our work, and wc cannot, form 
any true conception of the value of any gun in a 
catalogue until we have seen it pictured in reality, 
until we have seen dollars in terms of our ability to 
earn them, particularly in terms of labor. If dol¬ 
lars are worth only the guns which can be bought 
with them, they are equally worth only the expense 
of the energy used in the earning of them. And 
perhaps the cost of ail kinds of firearms is just this 
—that you receive in value all that you spend. 



CHAPTER X 


Semi-Automatic Military Weapons 


P ARADOXICAL as it may seem, the most com¬ 
plex of all firearms, the human body, continues 
to offer the simplest analogy for the clarification of 
the story of semi-automatic weapons and their sim¬ 
plicity. Yet. with the simplest analysis, the para¬ 
dox is clarified and the analogy is justified. 

‘'Whal is a semi-automatic military weapon?*' 
An impulsive instrument. So is the human body. 

“How many types of semi-automatic guns are 
there?” Technically speaking, only two; first, the 
gas-operated gun; secondly, the recoil-operated or 
blow-back type of action. Blit automatic and semi¬ 
automatic may assume a wide variety of physical 
and mechanical forms and considerable variations 
of behavior. So may the human body, if wc con¬ 
sider stature, race, color and creed. 

“What makes a semi-automatic gun work?” Es¬ 
sentially, the assembly of various mechanical units, 
individually contributing to the accomplishment of 
a common cause, the conversion of chemical energy 
to gas, and gas to work. Thus, in the automatic 
system, when the trigger is pulled back the gun is 
“permitted” to work continuously, but in the semi¬ 
automatic system the trigger must 1m* “pulled” for 
each shot fired. So the human body functions effi¬ 
ciently when diet is balanced, blood stream is kept 
free of impurities, and habits are reasonably con¬ 
trolled. So this progressive analogy continues, in 
the light of its soundness, to reveal the plausibility 
of its continued reference, in thought if not in 
words. 



Fig. 22 

The machine rest which was made by Otlo A. Wagner. Ensign. 
Kansas. A very fine example of a home-made machine rest 


Everyone interested in the subject of a fast rate 
of fire, and in semi-automatic and automatic small 
arms, is generally familiar with the fact that hardly 
a single six-months period went by after the First 
World War without some one deploring the psy¬ 
chological effects of our service bolt-action rifle (U. 
S. Springfield, Model 1903, Caliber .30) which had 
deprived soldiers of the fast rate of fire while in 
battle. However regardless of such remarks, the 
service Springfield has been a very efficient military 
weapon for over thirty-seven years, and the wave 
of interest in automatic and semi-automatic rifles 
other than the Garand, which has swept over the 
newspapers and magazines these past four years, 
seems to indicate that the Garand Semi-Automatic 
Service Rifle has stood the test of just and unjust 
criticism, and will be the standard military weapon 
of the U. S. Army. It will be technically known as 
the “U. S. Rifle, Caliber .30, M-l,” or in more 
popular terms as the “Garand Semi-Automatic 
Rifle,” when placed in the hands of our newly 
drafted army in the year 1942. 

Of course, many semi-automatic or self-loading 
weapons have been invented during this last quarter 
of a century, but we shall only touch here at length 
on three types; namely, the Garand, the Johnson, 
and the Thompson sub-machine gun, of which the 
latter has stood the test of time, and is popularly 
known as the “Tommy” gun when in the hands of 
our law-enforcement officers throughout the nation. 

The Garcmd Semi-Automatic Rifle— We nat¬ 
urally criticise the old gray mare because “she ain’t 
what she used lo be,” and, as the years roll by. a 
military weapon must be made much more effective 
and efficient than it used to be, if it is to escape 
criticism. So we find evidence that any semi-auto¬ 
matic weapon which is still in the stages of a tool¬ 
ing-up process in order to secure production in 
arming our new army must be classified as “subject 
to laboratory supervision,” and an object of “un¬ 
finished experiments” when in the hands of our 
infantry. 

One of the serious problems that confronted the 
early makers of military weapons was that of secur¬ 
ing accurately controlled machinery. Our arsenals 
have been compelled to install the latest types of 
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Fig. 23 

Main exterior parts of the Gar and Semi-Automatic Rifle 


production machinery, for nowhere else has the use the Springfield Armory showed that of the 1600 
of automatic machinery reached the development it men employed only 11 were filers. But it must be 
has attained today at the Springfield Armory to noted that nearly a century ago a large part of the 
turn out the new Garand Semi-Automatic Rifle. To work on arms in the Springfield Armory was done 

go back a little more than half a century, out of by men with files or on a grindstone. 

800 men employed in the production of military Year by year, machinery has been adapted to 
weapons in Birmingham, England, 110 were found new uses at the armory, until today on the new 

to be at work with hand files. A comparison with model of the Garand rifle hand work is practically 



Fig. 24 

Main interior parte of the Garand Semi-Automatic Rifle 
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unknown, except those parts which are buffed on 
circular buffing wheels; namely, the receiver, bolt 
and extractor. So entirely are steel and wood re¬ 
duced to their final sizes by the positive and regu¬ 
lated action of drills, reamers, rifling heads, 
broaches, and milling cutters of various forms and 
sizes, that in this thoroughly organized arsenal the 
operations on this weapon, from the minute that the 
forgings encounter a machine, are exactly numbered 
as well as classified. 

These operations are termed “cuts,” and the 
amount of work required on this particular weapon 
is indicated by the number of cuts or operations 
needed to complete it. The Garand receiver alone 
requires between 120 and 130 operations on a great 
number of special machines to bring it to its final 
stages of completion. Each succeeding operation is 
the well-judged result of carefully planned experi¬ 
ments in the early stages of its production, in order 
that precise manufacturing tolerances could be es¬ 
tablished to assure production of the component 
parts, directed to the end of economizing labor in 
perfecting contour and size. With the new, effi¬ 
cient automatic machinery now installed, the final 
process leaves all parts of this new military weapon 
so perfectly finished that a file is seldom needed. 

Thus, in executing a large order to equip two mil¬ 
lion men in the field with rifles, one device after 
another has been adopted to reduce the number of 
operations or “cuts.” Although the arsenal receives 
a certain appropriation to manufacture so many 
rifles, it is required to render an account of its 
expenditures to the War Department at Washing¬ 
ton, and the armory ultimately gains the advantage 
of any reduction in the cost of production. It 
should be remembered that the manufacture of 
weapons of this type involves the fabrication of a 
multitude of distinct parts, each of which has its 
individual character and cost to he considered. 
This new semi-automatic arm has seventy-two com¬ 
ponent parts, including springs, pins and screws. 
The constant changes which took place before this 
weapon was placed in production are indicated by 
the fact that all parts are now interchangeable with 
the corresponding parts. 

An essential element in the system of producing 
these weapons is the use of gauges to test the ac¬ 
curacy of the work as it progresses. The mechani¬ 
cal definition of the gauge is “any instrument used 
to measure.” It may be a pattern from which the 
gun stock has taken its shape; a plug to fit a hole 
and determine the exact size of the established di¬ 
mension; an electro-limit gauge, which is a precision 
instrument to measure a diameter of a cylindrical 
part to the millionth part of an inch; or an instru¬ 
ment to determine the alignment of sights; a thread 


gauge, micrometer gauges, plug gauges, all gauges 
to detect the slightest variations from the true 
established sizes. 

For each component part of the new Garand rifle 
a set of gauges is provided, not omitting the small¬ 
est screw. The amount expended by the Springfield 
Armory in perfecting its system of gauging all the 
parts of this weapon is a great fortune in itself. Of 
each gauge or set there are two, a maximum and a 
minimum, the rule being that a part shall neither be 
less than the minimum nor tight in the maximum. 
Not only is there a double set of gauges for each 
component part, but each of the hundreds of fin¬ 
ished cuts required to complete a certain pari has 
extra sets of gauges held in reserve, together with 
the master gauges to check all gauges used on the 
operations. 

The preservation of the gauges is a most im¬ 
portant duty of the chief gauge inspector, who is 
held responsible for both master and working 
gauges. These standards are kept carefully locked 
up in a vault as large as a good-sized room, with 
compartments built from the floor to the ceiling to 
hold them. Each machine operator is furnished 
with a working set of gauges, and another set is 
divided among the inspectors, who are held respon¬ 
sible for the work produced by the machine opera¬ 
tors. The gauges used for the inspection of the 
cartridge chamber are renewed each week, to avoid 
the infinitesimal change in size resulting from the 
slight wear to which they are subjected. 

The superior quality and marked uniformity of 
the new Garand Semi-Automatic Rifle will be due 
in part to the thorough system of inspection to 
which it is subjected. The inspection at Springfield 
is now more thorough than at any previous time in 
the armory’s history, for an examination of any one 
of these rifles will show upon each of its seventy-two 
parts that, aside from the hundreds of special opera¬ 
tions performed upon these pieces, an inspector has 
made careful observations and tested the part thor¬ 
oughly by gauge. 

As an example of the thoroughness of inspection, 
we shall select the barrel, which goes through a 
great number of consecutive operations in which 
various machines are used—gun-barrel drilling 
machine, reaming machine, rifling machine, cham¬ 
bering machine, threading machine, turning and 
grinding machine, etc. The first inspection is made 
after the barrel is drilled, preparatory to the ream¬ 
ing operation; another after the barrel is reamed; 
again after it is rifled: again after it is chambered; 
and finally after it has been chambered, threaded, 
ground to size or completely finished. The gauges 
used in the final inspection are of the finest con¬ 
struction and scientifically accurate to the one- 
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millionth part of an inch. A deflection of 0.0001 
inch in the sighting of one of these weapons can he 
easily detected. Without such accuracy the won¬ 
derful records of the Model 1903 Springfield at 
Camp Perry would be impossible. 

The most exact inspection is, of course, given to 
the barrel, receiver, bolt, gas cylinder, etc. The 
inspection of the other parts of the gun is thorough, 
though less difficult. After the parts arc assembled 
into the gun proper, each piece is carefully tested to 
see that its corresponding parts are well adjusted 
and interchangeable without difficulty, and finally 
the work of all the inspectors is passed upon, the 
last inspector examining every part of the assembled 
gun to see that the official stamp of approval has 
been impressed upon it. 

The stock and forearm of the gun, made of black 
walnut, is first sawed into rude outlines of the 
shape it is finally to assume, before being submitted 
to the operations of turning, grooving, etc. The 
wood is carefully examined to see that it is straight- 
grained, well seasoned, and free from sap and 
worm holes. A practised nose will detect the smell 
of unseasoned wood as surely as a trained bird dog 
discovers a scent when he stands at point before the 
quarry. 

Changes in Caliber —The caliber of military 
arms during the American Revolution was seventy- 
five hundredths of an inch (0.750), and it lias been 
reduced by successive stages until it is now three- 
tenths of an inch (0.300). Down to 1866 the cali¬ 
ber of the Springfield musket was fifty-eight hun¬ 
dredths inch (0.580). In 1866 it was changed to 
fifty hundredths or one-half inch (0.500), again in 
1873 to forty-five hundredths inch (0.450), and 
again between 1894 and 1898 to the present caliber 
of thrcc-tcnths inch. The length of the barrel, orig¬ 
inally forty inches, has been reduced to twenty-four 
inches. The bullet meantime has gone through 
various mutations until it has arrived at its present 
form with a boat-tail base. 

At the Frankford Arsenal in the year 1922 we 
had an appropriation of $22,000.00 to manufacture 
a satisfactory cartridge, without the caliber being 
specified at the time, and $16,000.00 to experiment 
upon a suitable automatic or semi-automatic shoul¬ 
der arm to take such a cartridge. Out of the latter 
appropriation, three Model 8 Remington autoload¬ 
ing rifles were purchased; namely, caliber .25, cali¬ 
ber .30, and caliber .35. After many tests with 
these guns and their ammunition, it was decided to 
experiment upon a new cartridge in between the 
caliber .25 and .30 Remington. From the ballistic 
point of view', and with much figuring among army 
engineers, a caliber .276 was decided upon, due to 


the fact that a cartridge of this caliber would de¬ 
velop the best possible accuracy ballistically, in 
theory, at least. It was also figured out that the 
use of this smaller cartridge would facilitate the 
design of a reliable and durable self-loading weapon 
within the prescribed weight limit, while the lighter 
weight of the cartridges would reduce the soldier's 
load. 

The work accomplished at the Frankford Arsenal 
in the testing of the Remington self-loading arms, 
however, was all imaginative, with no opportunity 
to develop a semi-automatic rifle; the rest of the 
funds were transferred to the Springfield Armory, 
and there the experimental work on rifles to take 
the caliber .276 cartridge was begun by Mr. John 
D. Pedersen, and the Garand was designed and de¬ 
veloped by Mr. John C. Garand. Both Mr. Peder¬ 
sen and Mr. Garand carried on their experimental 
work at the Springfield Armory, allowing t lie experi¬ 
mental department at the Frankford Arsenal to 
develop the caliber .276 cartridge, which, by (he 
way, was not completed until after 1925. 

The Pedersen Rifle— The Pedersen Semi-Auto¬ 
matic Rifle had some very favorable characteris¬ 
tics; namely, that it was a recoil-operated action, in 
which the barrel recoils a short distance, together 
with the bolt, until the full angle of the camming 
action takes place, and the bolt-block moves to the 
rear, which is similar to the Luger automatic pistol 
action; whereas, the Garand rifle is of the gas- 
operated type, which is operated by a lever under¬ 
neath the barrel by the escaping gases from the 
muzzle. Studying the difference in design, the army 
board of engineers considered it the better of the 
two, and it was adopted, and recommended to be 
designed to take the caliber .30-06 ammunition, 
due in part to the fact that this size of cartridge 
had shown better ballistic qualities than the caliber 
.276 cartridge in extensive firing trials. Even 
though the Pedersen gun was discarded by our War 
Department, it found a ready sale to a foreign gov¬ 
ernment at a very high price, and is now seeing 
service, as I understand. 

The merit of an inventor lies in his style of de¬ 
signing; his true originality lies in his thought of 
his design and in his manner of bringing his inven¬ 
tion to perfection—that manner of expression which 
distinguishes the thing he may invent, whether it 
be a gun or a garden rake, which is different from 
that of another brain. So, Pedersen's invention was 
liis own idea, and he had a right to sell it to the 
highest bidder; but now it is Mr. Garand who moves 
into the picture, for it will be his rifle with which 
our troops arc to be equipped, and it must be given 
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the honors, for his gun had the admiration of the 
army engineers who accepted the design. 

How the Garand Rill© Works —The Garand 
Semi-Automatic Rille varies somewhat from the 
conventional type of gas-operated weapon in that 
there is no small hole drilled in the barrel for taking 
off powder gases to operate the mechanism. In¬ 
stead, the muzzle of the barrel is provided with a 
sleeve, and while the bullet is passing through this 
sleeve and just as the base clears the muzzle, a 
small measured amount of gas is diverted through a 
port at the muzzle into a cylinder where it impinges 
upon the piston of the operating rod, driving it to 
the rear. The location of the port at the muzzle 
rather than at some point near the breech permits 
the use of gas at a lower pressure, thereby de¬ 
creasing the fatiguing stresses on the operating 
mechanism of the weapon. 

An opportunity to study the Garand Semi-Auto¬ 
matic Rifle came to me while at the Springfield 
Armory, and I found its working parts of particular 
interest, especially the bolt operating rod which 
extends underneath the barrel from the muzzle to 
the bolt. There a recess is provided in the rod 
which engages a lug on the bolt just to the rear of 
the front end of the boll. This recess and the lug 
on the bolt have cam angular surfaces so arranged 
that as the operating rod moves to the rear, the bolt 
is first rotated in the same manner as the bolt in the 
Service Springfield rifle, until the locking lugs clear 
the locking recess in the receiver. After this ro¬ 
tating movement is completed, the bolt is carried 
to the rear by the operating rod. During this move¬ 
ment the operating-rod springs arc compressed, the 
fired case extracted and ejected free of the action, 
and the firing mechanism placed in a set position. 

After the bolt has reached its extreme back posi¬ 
tion it is immediately carried forward to the firing 
position by (he operating rod acting under the ten¬ 
sion of the operating-rod springs. During this for¬ 
ward movement of the bolt the top cartridge is 
removed from the clip—which holds eight cartridges 
—and is carried forward into the chamber. When 
the last cartridge in the clip has been fired, the clip 
is automatically ejected and the bolt remains in the 
open position. As another clip is inserted in the 
magazine, the bolt moves forward, feeding the top 
cartridge from the clip into the chamber. The 
striker or firing pin is so arranged in the bolt that 
it cannot protrude through the firing-pin hole until 
the bolt makes its forward movement and rotates 
upon the cams in its locked position. An easily 
operated safety feature is built into the front of the 
trigger guard, which disengages the striker from the 
sear when in the safe position. 


The rear sight is mounted on the bridge of the 
receiver; that is, the housing for the sight’s me¬ 
chanical operation is an integral part of the receiver, 
located at the rear of the clip opening, and is of the 
aperture type, the diameter of which is 0.070 inch. 
The front sight is of the blade type protected by 
guards similar to that on the British Enfield. 

The rear sight is raised and lowered by means of 
a knob located on the left-hand side of the aperture 
housing. Elevation graduations are engraved on the 
knob's outer surface in one-hundred-yard indenta¬ 
tions up to 1200 yards. Between the hundred-yard 
impressions there are indentations in which finer 
adjustments are made, each click being equal to 25 
yards of elevation. Windage adjustments are made 
by means of a knob on the right-hand side of the 
sight housing directly opposite the elevation knob. 

Before leaving this subject of the aperture rear 
sight on the Garand Semi-Automatic Rifle, we may 
affirm that it would certainly be better for many of 
the newly drafted men, especially those who have 
never had much experience in the shooting of small 
arms, if they were to become more generally alive to 
the value of this type of sight. In their youth they 
were forced, we may suppose, to begin their shoot¬ 
ing career with open sights, for then aperture sights 
were a novelty; but now, having the opportunity to 
test their skill with such a sight, many will be 
attempting to alter the size of its aperture. Many 
of the more experienced men will be unable to per¬ 
form well with the present size of aperture, and if 
it is slightly enlarged will make better scores on all 
ranges. Wc cannot deny, if we are honest with our¬ 
selves, that wc must enlarge the size of the aperture 
in order to accomplish better shooting results, 
whether on the range or on the battlefield. And yet 
we can recall with enjoyment some record scores 
made when testing and sighting many big-game 
rifles at one thousand yards with the same size of 
aperture as that now found on this semi-automatic 
rifle. 



Fig. 25 

An aperture is nothing mors than a hole in a disc 
B = The direction in which sighting is directed 


Looking through a hole 0.007 inch in diameter, 
drilled through a disc, we see little if anything. But 
remove the lens from a camera, attach the disc in 
place of the lenses, and it will be possible to take a 
picture which may be a photographic masterpiece. 
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Before the time of Aristotle, the miniature hole 
in a disc was known as an optical device. Discov¬ 
ery of lenses and their adaptation to the telescope 
forced it out of men's minds until it was completely 
forgotten. Then, a century ago, when rifles were 
able to shoot some accurate scores, it was again 
brought to the front, and attached to many muzzle¬ 
loading arms. And today many expert marksmen, 
yearning to do some unusual shooting over long 
ranges, turn again to aperture sights. Actually, this 
sight on the Garand rifle is but a disc with a small 
hole drilled in the center! Discs arc made by the 
sight companies as small as inch and up to 
nearly Y\ inch in order to suit the sighting caprices 
of various marksmen. Tt is certain that one’s eye¬ 
sight can rarely accommodate itself to any and ev¬ 
ery size of hole in a disc. One’s choice must be al¬ 
lowed to fall upon many aperture sizes until the 
proper-sized opening is found. Therefore, there 
must he an opportunity for selection of diameters 
for various individuals, some graduated to the deci¬ 
mal of an inch, others to a larger fraction of an 
inch. 

The fascination of sighting a rifle through a pin¬ 
hole for the first time is not only the advantage of 
simplicity; most marksmen prefer it to the average 
cheaply made telescope sight. It provides, for ex¬ 
ample, a notable softness of a target’s outlines 
which contributes considerably to the eve’s natural 
adaptability to avoid unnatural strains. It also per¬ 
mits a highly desirable control over the angle of 
view, and it has an unlimited depth of focus; that is, 
it can focus on any object ahead of the front sight, 
regardless of its distance. It presents the entire tar¬ 
get or object in its correct perspective, without the 
blurring of nearby or distant objects, particularly if 
the disc has been located in the correct position for 
the eye. 

Sensations caused by light striking the retina 
through the cornea give us the sense of vision. The 
outer surface of the cornea possesses a high degree 
of polish and smoothness; it recedes like a convex 
mirror, giving a clearly defined, but diminished and 


correct, image of any target or object in front of it. 
The transparent membrane on the anterior part of 
the outer coat of the eyeball is nearly perfect for the 
purpose of transmitting light, for it allows every de¬ 
tail of the iris’s radiant surface to be seen. But, 
when examined through a magnifying glass, it re¬ 
veals something of its fibrous structure by irregu¬ 
larly reflecting the different elements of white light, 
so that the path of its beams renders those particles 
visible, just as will light passing through water or 
fog suspended in the atmosphere. This is a most 
important point to be considered in aiming through 
an aperture such as that on the Garand Semi-Auto¬ 
matic Rifle. 

The Thompson Sub-Machine Gun— About the 
time when we were experimenting with the calibei 
.50 machine-gun ammunition, General John T. 
Thompson perfected his sub-machine gun in a small 
experimental shop in Cleveland, Ohio. After com¬ 
pleting some experimental models, General Thomp¬ 
son had the Colt Patent Firearms Company, 
Hartford, Connecticut, manufacture a number of 
the caliber .45 models, which fired the caliber .45, 
Model 1911, automatic pistol cartridge. Although 
he had experimented on an automatic weapon to 
take the .30-06 cartridge, this was not so successful, 
and was discarded. However, he continued to im¬ 
prove on the caliber .45 sub-machine gun, which 
was then sold to various police departments over the 
entire country, as well as to our Army and Navy 
Departments. 

The first guns manufactured, weighed but seven 
pounds. They had no buttstock attachment, and 
no sights. The later models included sights, two- 
hand grips, buttstock, and weighed eight and one- 
half pounds. 

The Thompson sub-machine gun action is the 
simplest in any semi-automatic or automatic action 
now manufactured. A person understanding guns 
can be taught in thirty minutes to dismantle and re¬ 
assemble it. 'There are no screws, inaccessible pins, 
or other parts requiring a tool. Complete disman- 
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Fig. 26 

The model 28 A C Thompson Sub-Machine Gun 
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tling of all removable parts except grips can be ac¬ 
complished without the aid of any tool. The 
original model, which was purely experimental, had 
only eleven parts. The present model contains 
thirty-eight individual parts, including all screws, 
pins and springs. 

The operating principle of the Thompson Sub- 
Machine Gun is purely a blow-back system, and 
the work is performed by a low-pressure cartridge. 
The pressure-friction necessary to hold the breech 
closed until the bullet has left the barrel is produced 
by means of a small wedge, and the rate of fire is 
750 shots per minute. 

The loading of the Thompson gun is exceedingly 
rapid, with either clip magazine or drum. The 
twenty-shot clip magazine can be charged in a very 
short time; the fifty-shot drum requires about five 
minutes. The latest model, with the buttstock at¬ 
tached and the fifty-shot magazine in place, weighs 
15 pounds 6 ounces. 

Tho Johnson Semi-Automatic Riile—The John¬ 
son Semi-Automatic Kitle is a recent development 
on the recoil-operating system, in which the barrel 
recoils to the rear for a distance of >6 inch and the 
bolt is locked to it until the camming slot is 
reached; in this backward movement the bolt is 
rotating until the barrel slop is reached. When the 
barrel reaches the stop in the forward part of the re¬ 
ceiver, the bolt is permitted to continue to the rear 
free of the barrel, carrying the fired case with it. 
In this movement, the fired case contacts the ejec¬ 
tor, expels it free of the action, and continues back 
to cock the hammer by compressing the striker-ac¬ 
tion spring; at the same time it compresses the bolt- 
action spring in the buttstock, until it is finally 
stopped by a buffer plate. Completing this cycle, 
the bolt-action spring returns the bolt, and in its 
forward travel pushes ahead the topmost cartridge 
from the clip magazine. While all this mechanical 
movement is taking place, the barrel-return spring, 
which is housed in a perforated tube ahead of the 
receiver, brings the barrel forward to its normal po¬ 
sition. and the cam rotates the bolt into its locked 
position with the cartridge in the chamber. 


Practical in its appearance, this gun also employs 
the most sound fundamental principles in design. 
It has short recoil, in which the barrel and bolt 
move approximately }i inch to the rear before un¬ 
locking, so that the breech pressure is reduced to 
residual limits before the unlocking of the bolt oc¬ 
curs. The locking and unlocking functions are 
purely mechanical in operation, regardless of the 
pressure developed by the cartridge, but being re¬ 
duced to low limits, free operation is in evidence. 
Before the complete cycle of this operation takes 
place, the bullet has emerged from the muzzle. 
When the bullet emerges, the barrel, locked to the 
bolt, starts to make its rearward movement, which is 
a traveled distance of inch, and then the bolt 
begins to unlock. After reaching the approximate 
length of travel, the bolt is completely unlocked, 
and the cycle of movement takes place, firing at the 
possible rate of 600 shots per minute, though the 
normal rate from a clip-magazine would be but one 
shot per second, or sixty shots per minute. 

The bolt is % inch in diameter and 5 inches long. 
In place of the conventional two lugs, as on the 
Springfield Model 1903 rifle, it has eight locking 
lugs. These are evenly spaced around the head of 
the bolt. On the opposite side of the bolt is the slot 
for the ejector. The extractor is flush with the 
bolt s diameter, and rotates with it, there being no 
clip to hold it in place; the knob-like operating 
handle locks the extractor in place, instead of a clip 
being employed as on the Springfield bolt. The 
cams and camming action are made on very abrupt 
angles of about 40 degrees. The rear end of the 
bolt is linked to a strut W/ inches long, which 
transmits the pressure of the action spring, which is 
located in the buttstock, similar to most autoload¬ 
ing designs. 

A novel feature of the Johnson Semi-Automatic 
Rifle is its firing mechanism, which consists of a 
pressure contact of the sear against the bottom of 
the hammer, without recess or notches, and requires 
merely the straight sliding action of two flat sur¬ 
faces to secure the hammer release. Flat-surface 
friction and trigger-spring tension are the only pull 
resistants, resulting in a really safe trigger release, 



Fig. 27 
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and a most reliable design. Just forward of the 
trigger guard is a right-hand safety, with a grooved 
thumb lever that can be turned from side to side 
and engages a notch in the sear limb. 

Either of the two systems used in the Garand 
and Johnson semi-automatic guns is quite practical. 
One is gas-operated, while the other is recoil-oper¬ 
ated, the bolts merely gliding to the rear after being 
disengaged. At this point, and without either rifle 
having seen hard military service, one can hardly 
theorize as to which weapon would be the more ef¬ 
ficient. At first glance it becomes apparent that 
the Garand bolt movement, in feeding the cartridge 
into the chamber, does not have to travel over much 
wasted space, so that it has much better feeding 
principles than the Johnson gun. On the other 
hand, the front-locking lugs on the Johnson bolt 
should give more accurate semi-automatic operation 
under fire, because the locking lugs on both sides of 
the bolt head absorb the recoil of the explosion, so 
that this is not taken up by any of the weaker parts 
of the mechanism, whereas, in the Garand the lock¬ 
ing lug on the left-hand side of the bolt embeds it¬ 
self in a complicated cam cut in the receiver, which 
is liable to give considerable trouble after being 
fired a number of times, due in part to the wear 
which will take place at that point. 

Far more important than the principle of either 
semi-automatic system is the problem of what meth¬ 
ods to* employ in order to produce a large number 
of guns in the shortest possible time. We must find 
weapons which can be placed on an efficient, simple 
manufacturing basis. Knowing the difficult meth¬ 
ods employed to produce the Garand rifle at the 
Springfield Armory, I may refer to one case in par¬ 
ticular, though many others could be recalled. 
While on the tooling-up operations of the Garand 
receiver, I suggested having the magazine slots 
broached in a straight line instead of their being 
on a radius of 50 inches, for they were only clear¬ 
ance slots for the ears on the clip. The machine 
used for this operation, together with the tool pro¬ 
vided, produced a very high percentage of scrap, 
and the receiver is the most expensive part of the 
whole gun. My suggestions fell by the wayside. 
After a lapse of three years, business carried me to 
Detroit to discuss some metallurgical problems with 
the Ex-Cello Manufacturing Company, and as the 
superintendent and I were passing through the tool¬ 
room, he pointed out a very large broach in the 
process of the grinding operation, and mentioned 
the fact that his firm had an order from the Spring- 
field Armory for three such tools to broach the mag¬ 
azine opening as well as the clip slots. My memory 
naturally harked back to the day when I had made 
such a suggestion, and my critical sense was then in 


a position to inform my emotional sense that it 
really took the military rulers at the armory nearly 
three years to wake up to the need of a simple man¬ 
ufacturing change in order to eliminate a high per¬ 
centage of scrap from an impossible production 
operation. And I am still wondering why so much 
newspaper criticism, continued over a period of 
years, did not seem to have any effect. It is eight¬ 
een years since we had our first appropriation to 
experiment upon a satisfactory semi-automatic 
weapon, and today very few of these weapons are 
in the hands of our troops. 

To manufacture a rifle with efficiency, the parts 
of the weapon must not be of a complicated form 
which requires complicated cutting tools, jigs and 
fixtures, machinery, and complicated set-ups on 
standard production machines. Complicated ma¬ 
chining operations slow up production. From the 
standpoint of simple manufacturing operations, the 
Johnson gun seems to have more parts which are 
comparatively easy to manufacture on a production 
basis than the Garand. As a matter of fact, either 
gun, if complicated to manufacture, is not the an¬ 
swer needed in our ever-changing methods of war¬ 
fare. 

Far be it from me to believe that a semi-auto¬ 
matic rifle will be permanently applicable to mod¬ 
ern warfare. Even if we accepted all the weapons 
that have been patented, they would only serve 
their purjxjse for a time. A just analysis of either 
weapon would merely lead lo a war of words. In 
our primitive state, and only armed with our bolt- 
action Springfield rifle, harmony was a simple mat¬ 
ter. Rut in the present state of feverish prepared¬ 
ness activity, each person in a position of authority 
is bent upon carrying out his ideas, whether right 
or wrong, and cannot see why he should subject his 
will and thought to others in a less authoritative 
position. Of course, our troops should be armed 
with a good light semi-automatic weapon, one which 
is superior to any weapon carried by those who may 
make war upon us; but we do not take into con¬ 
sideration the fact that some of our best semi-auto¬ 
matic weapons patented in the last fifteen years 
have been purchased by nations who are both will¬ 
ing and ready to make war upon us. Those who 
dream of efficient weapons above those of other na¬ 
tions dream of inefficient preparedness for such a 
time. And only time and a war will tell which na¬ 
tion has the most efficient semi-automatic shoulder 
weapon. 

Our weapons of today will appear in 2040 as ro¬ 
mantic and full of wonder as do the American 
Revolution guns to those who admire the past. Two 
centuries hence our present weapons will be museum 
exhibits only, guns to be examined curiously, affec- 
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tionately, odd relics of 1940, glass cases to be 
passed. Then a third century, following, will recog¬ 
nize in us a painful stage of innocence from which it 
has managed to emerge, pointing with pity at the 
millions we expended for simple shoulder weapons 
of war. 

Such is time’s spiteful revenge, difficult to accept, 
that we who now consider ourselves at the top, will 
appear in a succeeding age as models of simplicity 
and ignorance. Yet in the same way that we now 
look back longingly from our artificial existence to 
the direct outdoor life of the western pioneer, so will 
the soldier and the small-arms designer of another 
period look back on us. 

Perhaps it is to no great purpose that we should 


spend so much regret over the destruction of plain 
old military arms, but whatever new weapons may 
be designed in the future, the result will be iden¬ 
tical. The Springfield, which seemed to us so 
wonderful as a military weapon, so accurate, and so 
inexpensive to manufacture when it was developed 
by our War Department back in 1903 at the Spring- 
field Armory, a weapon which satisfied the needs of 
the Army, the Navy and Marine Corps, will be 
merely a relic for which some old soldier, sailor, 
marine or gunsmith will have a sentimental attach¬ 
ment. Yes, what will be the fate, too, in another 
half-century, of the. Garand, the Johnson, the 
Springfield—and of us! 


CHAPTER XI 


A Broader View of Craftsmanship 


T HERE IS something very fine and satisfying 
about good tools. The man whose hobby is 
working with gun stocks is proud of them. He 
should be, for he buys nothing but the best, taking 
care to keep them in perfect working condition at 
all times. His chisels, saws, planes, and bits are 
oiled as carefully as was his grandfather’s shotgun. 
He has a genuine affection for the grain and texture 
of fine woods for gun stocks, and will run the palm 
of his hand caressingly over a well-polished and fin¬ 
ished piece of walnut furniture. 

No connoisseur ever looked at a Boss or Purdy 
shotgun with more delight than lie feels in examin¬ 
ing a fine old Kentucky flintlock rifle, the stock 
made from bird’s-eye maple by some home gun¬ 
smith who two centuries ago searched perhaps for 
two years before he found the right piece of wood. 

I know of no better way to improve the shining 
hours of winter’s after-dinner leisure than to work 
in the sanctum of one’s own shop, preferably a 
building away from the house, with a wood-burning 
stove and the family dog stretched at full length 
among the shavings, yawning contentedly now and 
then. A shop is a family man’s refuge and, by an 

unwritten connubial law. it is—or should be—re- 

• 

spected as inviolable. 

It is interesting to know that gunsmithing as a 
hobby has become immensely popular among Amer¬ 
icans since the close of the Second World War, 
which is supposed to have caused many important 
changes in our recreational habits. Undoubtedly 
an impressive number of leisure hours are now be¬ 
ing happily spent in the home workshop, whether 
in the basement, garage, outbuilding, or attic. As 
the California ranch-type of home becomes more 
common more of these workshops will be found at 
ground level, thus making them more accessible and 
in many cases relieving the home from the assorted 
racket of circular saws, band saws, drill presses, 
wood planers, grinders, polishers, sanders and what 
have you. 

Small power-driven tools have always fascinated 
that tool-using animal, man. Instinctively he wel¬ 
comes electrically driven tools that not only save 
him long hours of monotonous hand labor but also 
make possible the accomplishment of more and 


finer tasks in a fraction of the time his ancestors 
required. As these power tools become more 
varied in type and more precise in their results, 
hundreds of “how-to-do-it” books come into the 
market, stimulating the sales of these tools to a 
growing percentage of home craftsmen from coast 
to coast. Lumber sales to the home mechanic have 
also increased, for more and more men whose hands 
are not all thumbs are repairing their own homes 
and in many instances building them from blue¬ 
prints supplied by the lumber companies. 

The home workshop provides the impulse for 
many congenial hobbies such as gunsmithing, cab¬ 
inet making, gem and mineral cutting, telescope 
making, miniature locomotive making, and many 
others. There are at least two million such work¬ 
shops in this country today, and the sales of crafts¬ 
men’s tools, both hand and power-driven, have 
astonished even the companies that manufacture 
them. It is very easy indeed to invest $ 1,000 or 
more in a small basement or backyard workshop. 
True, the investment frequently bears little rela¬ 
tionship to the tangible returns but it does serve 
to attach thousands of men to some absorbing and 
congenial activity, keeping their minds pleasantly 
occupied through many long hours that would 
otherwise be valueless to them. 

The activities in the home workshop should have 
a purpose. It is my own impression that to many 
men any kind of a workshop means only sweat, 
headaches, chips, dirt, noise, bruises, grime, and 
grease—but to an enthusiast who knows what he is 
doing and how to do it these activities, however 
exacting, are a relaxation. And, if we are to believe 
the doctors, both his health and efficiency depend 
upon a man’s ability to relax. This is where the 
hobby comes in. 

Relaxation takes different forms, according to 
individual proclivities. One man I know finds an 
outlet for his nervous energy in repairing various 
kinds of antique gun locks and studying the me¬ 
chanical characteristics of all kinds of British and 
early American gun actions which he buys here and 
abroad. To be sure, he bores his friends by talking 
guns on the slightest provocation and he is particu¬ 
larly happy to dilate at length upon his latest ad¬ 
venture in the world of gun locks. Yet this man is 
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an outstanding physician, and no doubt owes much 
of his happiness in life and his success in his pro¬ 
fession to this special form of relaxation. 

Another man known to me has a private book 
bindery where, with two of his friends, evening after 
evening is spent in the delightful task of restoring 
old and rare editions. One end of a large room is 
filled with his printing and binding equipment, 
while all around are stacks of books waiting for his 
attention. He once showed me a beautiful volume 
which he had just restored, lovingly fingering the 
soft leather as he read to me some favorite passages. 
Here, in the hours of his recreation, was a person¬ 
ality quite unsuspected by those who knew this man 
only in his office. 

We are inclined to think of efficiency as expressed 
chiefly along industrial and mechanical lines, not 
realizing that many seek—and find—deep personal 
satisfaction in mechanical creations as elaborate as 
miniature locomotives, ocean liners, and even battle¬ 
ships. One may be an amateur telescope maker, 
another finds happiness in exploring the night sky 
for distant comets, a third may be upon the trail of 
some new chemical having unsuspected medical or 
industrial possibilities. But for all of these men 
attention was focused more upon the value of life 
than upon the crude practical value of their activ¬ 
ities. 

The trend uf the times is definitely towards ama¬ 
teur science. One of my friends, wishing to know 
more about the atom and its behavior, constructed 
working models with nothing more than scrap mate¬ 
rials. In a workshop cluttered up with small bat¬ 
teries, wooden models with magnets attached here 
and there; wires, strings, breakfast food, hair 
combs, sticks nailed to this and that, he was able 
to make his atoms perform to the astonishment of 
anyone who wanted a demonstration. What seems 
most remarkable is that he does not have more than 
ten dollars invested in equipment which yields re¬ 
sults as satisfying Lo him as those which cost mil¬ 
lions of dollars in the great physical laboratories of 
our universities. 

Essentially, the contribution of this book to the 
art and technique of gunsmithing is one that can¬ 
not be analyzed. It does not lead to thorough 
knowledge, any more than knowledge of a foreign 
country can come solely from a guide book or a 
hasty review of its industries. But it does give the 
attentive reader the principal facts about guns and 
it will show him how, with patience, ingenuity, and 
a disciplined imagination, lie may become a skilled 
era f tsman-gu nma ker. 

Modern methods of gunmaking are very different 
from those in use a hundred and fifty years ago. 


In former times the component parts of gun locks 
were made by hand with the aid of files, and even 
these simple tools were made by a blacksmith. 
Each hole in the lock-plate was drilled separately 
by crudely made drills, and each part separately 
fitted into place, so that the lock was gradually 
built up as one would build a house. Each com¬ 
ponent part, of course, only fitted its own lock and 
the parts were not interchangeable. 

Time has altered all of this. Today, by means of 
expensive automatic machines, the separate parts 
of guns are turned out by high-speed form tools 
moving independently of the will of the operator, 
whose only duty is to stand by and see that the 
parts are produced. The machine is a servant that 
never tires and never talks back, demanding only 
that its cutting tools be kept sharp and true to 
form. The operator is needed only for supervision, 
pressing buttons, pushing levers, watching control 
mechanisms: he does not even have to change de¬ 
fective or dull tools—that is another man’s job. 
From time to time he measures the product with 
elaborate instruments known as gages to see that it 
conforms to a master unit or to a blueprint. 

When all parts have been thus manufactured you 
have a large number of boxes, each with a thousand 
or more gun parts in it, each part exactly like every 
other in the same box. You take a bolt or a spring 
from one box at random; to this you add, item by 
item, screws, springs, actions, strikers, extractors, 
sights, barrels, triggers, trigger guards, barrels, and 
so on until you have a complete array of everything 
needed at that stage. All that is then left to do is 
to assemble the parts as one would the pieces of a 
jigsaw puzzle. Everything fits; there is nut even 
any filing or burring to do. 

Such perfect interchangeability demands a preci¬ 
sion to within the thousandth part of an inch, which 
means automatic machinery of perfect design and 
often of very high cost. But the resulting uni¬ 
formity of product leads to a surprising economy in 
manufacture. You can now purchase for thirty 
cents a better gun part than could have been se¬ 
cured for ten dollars a century and a half ago. The 
savings may be spent for other equipment, or for 
ammunition. 

Guns made in this manner are, of course, prod¬ 
ucts of industry, not craftsmanship. They make 
no pretense to be artistic; they are simply—and 
superbly—useful. The machine tool, which can do 
so many things at the cost of so little labor, may be 
necessary to the craftsman but it is also a warning 
—a warning never to confuse speed with skill or 
utility with beauty. 

Turning to comparatively ancient times, we 
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may find, in the John Woodman Higgins Armory, 
Worcester, Massachusetts, an exhibit showing a 
“screw-bolt” fixed upon a suit of armor of the 15th 
century. How many who see this exhibit stop long 
enough to wonder how this screw-bolt was made, 
when or where it was invented, or to realize that 
the very tools used to make it were hardly less 
interesting than the thing itself? Who taught its 
principle to the Romans? And was it because the 
Chinese preferred to use gunpowder for fireworks 
to amuse people rather than for bullets to kill them 
that they failed to develop the gun and thereby lost 
countless battles with the Western Powers? 

Coming down to the end of the 18th century, we 
find that the construction of machine tools was con¬ 
sidered an engineering art and the threading of 
bolts and nuts a great achievement. Even gear 
wheels were cut by hand. The circumference was 
laid out by compasses or dividers, holes were 
drilled round the rim and the cut-out sections lead¬ 
ing into the holes were shaped by special files. 
Large machinery was all shaped out at the forge 
and by the file. Although they could not achieve 
tolerances closer than >6 of an inch—and that at 
the cost of immense patient labor—their guns were 
beautifully made. Locks and trigger guards were 
engraved with exquisite patterns; stocks were 
richly inlaid with mother-of-pearl and ivory—even 
duelling pistols were works of art to be jealously 
treasured by their owners. 

Then came the Industrial Revolution and with it 
the era of severe technical accuracy. Measurement 
became the task of science which, if not hostile, was 
at least indifferent to the demands of art. Ex¬ 
clusively utilitarian in purpose, the machine disre¬ 
garded beauty in all the domains formerly ruled 
over by craftsmen, so that our modern American 
machine tools, from monkey wrenches to lathes, are 
marvels of effective design and precise workman¬ 
ship—fitting implements of a nation that wears 
overalls on weekdays and drives expensive automo¬ 
biles on Sunday. One has only to compare an old 
squirrel ride, with its inlaid butt stock and forearm, 
with a modern rifle to note the difference. Orna¬ 
mentation, once inseparable from a fine gun, has 
either completely disappeared or is little more than 
a spasmodic, usually feeble imitation of the past. 

People no longer believe in the old hand opera¬ 
tions in metal-working when a machine can be used 
more efficiently. It is possible, of course, with a 
file and a keen edge scraper and days of patient 
labor to produce two flat metal surfaces so perfect 
that when pressed together one piece will lift the 
other like two gaging blocks as manufactured by- 
Brown & Sharpe. But this would be wasted labor 
when a surface grinder and a lead lap will do the 


job as well in a fraction of the time. No longer are 
our military rifles built up at the Springfield Ar¬ 
mory as were the muskets of a century ago, fitting 
part to part. By the employment of hundreds of 
special machines thousands of parts are forged and 
milled to shape, heat-treated, polished, blued, and 
assembled into our most modern military rifle. 
Comparatively unskilled workmen can easily be 
trained to handle most of these operations. Where 
exceptional skill is* required is in the making of the 
special forming tools, cutters, reamers, dies, and 
precision gages accurate to within the ten-thou¬ 
sandth part of an inch. Thus human labor is con¬ 
centrated more and more on tool design, on the 
making of tools and dies to close tolerances, and 
on supervision. 

But machines cannot satisfy the human craving 
for art. The same man who may use tools in some 
form is by nature a creative being, eager to work 
with hands directed intelligently by the mind, never 
really satisfied until he becomes a craftsman. The 
contentment that man’s nature demands is impos¬ 
sible until the creative drive can find expression in 
a harmony of hands and brain which leads to the 
parallel harmony of precision and craftsmanship, 
neither intruding on the domain of the other. 

Knowledge and skill—these arc the essential in¬ 
gredients of craftsmanship. One maker of gun 
stocks has a skill peculiar to himself, using checker¬ 
ing tools in a manner developed from long practice 
and not to be easily taught to or imitated by an¬ 
other. With a set of such tools an amateur would 
quickly learn the great difference in results from 
using dull or sharp-edged ones, pushing with or 
against the grain, etc. 

No gunsmithing book, nor, for that matter, any 
book on craftsmanship, can possibly take the place 
of constant practice in the handling of tools. Skill 
must be learned at the bench. Even more impor¬ 
tant, by starting young and by study the chapters 
on stock making to help you in your home work¬ 
shop, you will lay the foundations of a secure abil¬ 
ity in your chosen field, as well as add to the 
richness of your life. 

There are, indeed, many young boys who have a 
real desire to become craftsmen; they are physi¬ 
cally apt and have mental faculties w'ell developed 
to direct their hands in scientific and creative activ¬ 
ities. The parents of such boys should encourage 
them in every way, presenting them with tools and 
apparatus selected according to the following sim¬ 
ple principles: 

1. Many of the things a boy needs can be easily 

supplied by bits of wood, metal, wire, string, 
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etc., provided that he has someone to give him 
useful hints on how to manipulate them. 

2. If and when you give him tools, give him real 
ones, not toys. He wants “thing-makers, : ’ not 
mere playthings. 

3. He should also be provided with a reasonably 
dry and comfortable place to work in, and be¬ 
come acquainted with a good carpenter, tool- 
and-dic maker, or gunsmith in the community. 

4. He should never be allowed to work aimlessly 
with tools, but encouraged to design and con¬ 
struct something really useful, continuing with 
a job until it is finished. 

5. The construction of laboratory equipment with 
which to explore simple scientific facts is more 
useful than making pipe holders for his father 
or plate racks for his mother. 

6. Finally, the small sums spent in the above ways 
will keep many a boy from running wild, and 
when the time comes for making serious deci¬ 
sions he will thank the carpenter, toolmaker, 
mechanic, and gunsmith who helped to teach 
him the most important principles in the mak¬ 
ing of a scientist or craftsman. 

If we compare the operators in our industrial or¬ 
ganizations with the apprentices of medieval guilds, 
we would not find the lot of the former a very 
happy one, for our mechanized age is very exacting 
in its demands. He who serves a machine must be 
as automatic as the implement, and no less constant 
in the performance of his part of the labor, for it is 
all estimated on the basis of exact ratios—it is 
purely a question of figures and of producing parts. 
Hut for the more capable a remedy is at hand: not 
in legislation, nor in the labor unions, nor yet in 
the mere increase of wages, but in the wide diver¬ 
sity of craftsmanship that is rapidly springing up 
all about us since the Second World War, which 
insures freedom of occupation and happiness in 
work by multiplying the ways of earning a liveli¬ 
hood. It is not a new creation but a revival, and 
it promises to restore to ambitious young men a lost 
prestige. 

Take the gunsmith who, in the days when the 
craft or trade was not a lost art, worked at his 
bench, filing his thoughts into the metal and his 
fancies into symmetrical forms; every task was a 
problem, every stroke of the file manifested skill; 
he was an inventor, a producer, a craftsman in the 
true sense. But machinery has supplanted all man¬ 
ual skill in this trade; the specialist now does little 
more than assemble the odds and ends; the master 
craftsman has now become a mere apprentice, for 
every article that formerly called for inventive skill 
in the making Ls now furnished by the manufac¬ 


turer. The average gunsmith today is no longer a 
craftsman; he has become a mere jobber. 

We have alluded to the trade of the gunsmith as 
a lost art, but it is reviving under the guise of a 
hobby, with the evidence of skill such as has not 
been apparent since the American Revolution. Re¬ 
stocked American military rifles may now be seen, 
here and there, amid the rubbish of re-stocked Ger¬ 
man and Japanese military arms, compelling one 
to pause and praise the skill of a revived craftsman¬ 
ship that will surely tend to awaken a healthy 
ambition to excel. The cabinetmaker is coming to 
life again. He, like the gunsmith, got his materials 
ready-made from the mill; he could neither devise 
nor execute the simplest molding; he was literally 
a mere assembler, putting together materials al¬ 
ready formed to a standard; and when completed, 
it was stained or varnished with the aid of a paint 
gun to give it either a polish or a dull appearance. 
As to invention or design, that is wholly gaged by 
mass production, which, as we have observed, oper¬ 
ates on the mind as well as on the materials that 
come under its evil influences: thought, design, and 
product are alike mechanical, and therefore devoid 
of character. How effectively this has been accom¬ 
plished may be seen in the unskilful work per¬ 
formed by the so-called craftsmen of the past fifty 
years, throughout all trades. 

Taste dominates the emotions in craftsmanship, 
and reduces all to unity by means of harmony. In 
all its finer products design is the dominant influ¬ 
ence, for good taste requires that every part shall 
be genuine. By educating the taste, a love for the 
genuine is encouraged; thus it becomes a matter of 
character and principle that everything shall 
frankly express what it really is, and the effect of 
striving for the attainment of the beautiful in all 
sorts of work tends to elevate the character of 
craftsmanship. 

A mind formed by original observation and the 
study of facts will always secure attention for we 
seem to be brought in closer contact with truth and 
reality by its influence. The true scientist in his 
laboratory is continually occupied with things, and 
throughout his observations and experiment he is 
necessarily more or less involved with certain 
aspects of craftsmanship in constructing the neces¬ 
sary appliances for his investigations, often showing 
unusual ingenuity in devising the requisite aids and 
instruments, the hands and the senses continually 
working in harmony with thought and reflection. 
The employment of the senses in harmony with 
thought, and a more strict adherence to fact as a 
basis for theory, is the true safeguard against the 
wandering tendency of the human mind. 
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When it is recognized that there is equal dignity 
in all labor that engages the mind and hand in a 
common purpose, craftsmanship will recover its lost 
prestige and will be found, as in the past, a source 
of more contentment in many homes. The present 
revival of the home workshop, extending as it does 
to amateur gun craftsmanship, is also reaching into 
other fields and thus recruiting a great number of 
people into the skilled trades. Of course, it will 
naturally appeal to the more intelligent, capable, 
and skilful, for it is a matter of personal enterprise 
and individual qualifications. No mere words can 
transform an individual into an artisan, nor muscle 
into skill—an apprenticeship must be served to 
gain experience and achieve mastery. 

It is a correct aim to seek happiness in work, to 
find some sort of occupation the reward of which is 
not completely gaged by monetary profit. But in 
order to find that happiness one must first find a 
hobby or a craft that is suited to one’s tempera- 
ment, and this is not discovered by aimless groping 
but by obeying the promptings of an early instinct. 
If there is a strong liking for firearms, fishing or 
hunting in early youth, a firm will and steady pur¬ 
pose will enable you to rise above all obstacles and 
stand upon your feet against all opposition. 

Of talent it is hard to judge until the dormant 
capacities are brought to light; then it is as much 
a surprise to you as to your acquaintances. There 
must be occasion and opportunity to favor special 
aptitudes. Those who arc successful usually began 
their hobby under the conditions in which they 
were placed by natural antecedents, aided by sound 
instinct and good judgment rather than by any 
so-called accident. 

This may be verified by studying the construc¬ 
tion of a firearm, which involves the crafts of ma¬ 
chinist, toolmaker, diemaker, and woodworker; 
and, in the field of research, the engineer, designer, 
chemist, metallurgist, physicist, and ballistics ex¬ 
pert. This should greatly interest the more than 
fifteen million gun users throughout the United 
Slates, among whom we may find a large number 
of artisans. Many of these men also have their 
own workshops and have shown great ability in 
constructing their own gun stocks for obsolete mili¬ 
tary arms as well as for factory models. 

These worked-over military and factory produc¬ 
tions which have been brought to my attention 
these last few years are worthy of the greatest 
praise, representing as they do the work of ama¬ 
teurs from every walk of life: businessmen, lawyers, 
teachers, physicians, dentists, clergymen, bankers, 
stockbrokers, accountants, right on down to the 
fellow who works on a farm. Many recognized 
their lack of foresight and experience and yet, in 


every case the effort showed signs of where, by a 
little experience with tools and much application, 
each could have developed into a skilful craftsman. 
A sustained trial will often reveal to a man that he 
is not nearly as helpless as he may suppose. 

A shop of some sort has been the aim of the 
artistically inclined since the days of Homer and 
the ancient Greeks. Many of the old masters, as 
the museums show, devoted their talents not only 
to statues of marble and bronze, to fine paintings 
and silverware, but also to the production of finely 
engraved firearms. Benvenuto Cellini made a gun 
complete with lock, stock, and barrel; he also made 
his own gunpowder and cast his own bullets, stat¬ 
ing that “T brought down pigeons at remarkable 
distances, around and about the city of Rome.’’ 

There are, of course, more critics than craftsmen 
in the world, proof of which may be seen in the 
clumsy restorations in a number of museums in the 
United States and Europe. We see this evidence 
in reproductions of delicate artwork and in the 
large collections of objects in wood and stone, of 
Indian pottery and relics, weapons, etc., which are 
supposed to be beyond repair when they might, 
with the proper knowledge, be easily restored. If 
one is in doubt one need only visit the “dead 
rooms’ 1 of a number of museums in the United 
States, where will be found abundant evidence to 
prove that, of all the crafts, that of restoring dam¬ 
aged or broken antiques is the least understood 
and the most strangely neglected. 

But unfortunately such antiques do not exist 
ready to hand, they must be hunted down. As our 
experience increases so do our methods of seeking 
them improve. Every collector can find a fertile 
field in almost any shop that sells antiques, espe¬ 
cially in the smaller and humbler kinds off the 
beaten track. 

On the other hand, there is hardly a town so 
small in the United States where an enterprising 
craftsman could not create a very good husiness by 
repairing and restoring all kinds of antiques, from 
guns to watches. Of course, in the larger cities the 
demand for such work is much greater, for we find 
there many amateur collectors who will seek your 
services. But before you open your place of busi¬ 
ness you must first build up }'our ability and knowl¬ 
edge from craftsmanship gained by long experience. 
Such ability is easily acquired by those who are 
gifted with ingenuity, artistic temperament, or just 
common sense. 

It is a great mistake to suppose that manufac¬ 
turers are necessarily good repairers of what they 
produce. I have found, as many others, that even 
the large gun companies may not be safely trusted 
with the restoration of one of their own models. In 



68 


THE MODERN GUNSMITH 


nine cases out of ten it is some humble gunsmith 
with a Hair for antiques who will restore an obso¬ 
lete model into a museum piece. - This is true of 
most trades, for which reason I believe that a really 
accomplished craftsman, earnestly devoted to his 
calling, could make a very good living at this work. 
We can make every part of a gun or clock by ma¬ 
chinery, but the machine cannot repair it when 
broken. 

The fact is that almost everything people have 
been using for years can be made stronger, more 
simple, more beautiful by competent hands in a 
shop of your own. There is no reason why an an¬ 
tique dinner table cannot be fundamentally beauti¬ 
ful, or why a door on a corner cabinet cannot be 
repaired so that it swings at the touch of a hand. 
If you will learn to put screws in oak without split¬ 
ting the wood, and provide accessories of your own 
creation, your craftsmanship will be wide demand. 

As types of breakage and decay are numerous, 
so the art of restoring damage may be separated 
into various processes, such as joining, soldering, 
nailing, inserting, finishing, the use of clamps and 
of cements and adhesives. Glue or gum, when 
combined with powdered chalk or glass, make a 
cement, such as Portland cement, mortar, plaster of 
Paris, and putty—which last are often used by 
themselves to form objects and models. 

So many formulas for adhesives are now avail¬ 
able that the craftsman and practical mechanic can 
easily learn from experience which will give the 
best results in working with different materials in 
the course of his restoration efforts. 

Apart from these strictly technical details, it is 
possible to develop gunsmithing so that it becomes 
a specialized activity of the highest value, as we 
have tried to show throughout this work. It is also 
possible to show how, in its various phases, crafts¬ 
manship becomes the first stage of elementary 
training in the arts to meet the higher skills requi¬ 
site in any mechanical undertaking. So we see the 
attainment of balance by the alternation of differ¬ 
ent interests affecting the problems we encounter 
and select from day to day. 

It is my own impression that if a boy at the age 
of games and sports does not learn to play baseball, 
to shoot, fish, or hunt, he will probably be seden¬ 
tary to the end of his days, and even if the best 
opportunities be presented to him for acquiring a 
craft of some sort, it is a hundred to one that he 
will pass it up and shrink from the necessity of 
taking the first steps which, at an earlier age, might 
have filled him with a sense of delight. 

However, let us see in what respect the trained 
and experienced mechanic differs from the novice or 


beginning amateur. First of all, we note that the 
raw sensations and drives of the non-mechanical 
disposition must be trained to make it possible for 
the individual to fabricate essential articles with 
the tools at his command and to serve their in¬ 
tended purpose. A glance at the modern manufac¬ 
turing establishment shows that the functions of 
our senses have been taken over by a collection of 
extremely complex, intricate, and specialized ma¬ 
chinery. contrived and constructed solely to turn 
out a given product at high speed and in the most 
economical manner. 

Since the product manufactured in that estab¬ 
lishment is, in the last analysis, dependent upon 
individual efforts, every discovery made by an indi¬ 
vidual in that factory has significance for the 
well-being of the organization as a whole. This 
gives the beginning craftsman, pondering over the 
problem of using his tools successfully in the quiet 
seclusion of his home workshop, the assurance that 
every genuine discovery will w*in the recognition of 
his family and friends far and wide, and in this 
feeling of the importance of our creative work lies 
our happiness. It usually compensates us fully for 
all the sacrifices which we have made in training 
our minds and hands to produce something useful 
that others can admire. 

Of course, in each of us a saturation point is 
often reached in our home workshop, the impetus 
of our purely creative zeal expires, and unless the 
hobby be one associated with some urgent personal 
need that keeps our wits constantly whetted, we 
settle into a stalemate, and tinker from day to day 
on this, that, or the other, without adding any¬ 
thing significant to our store of knowledge or skill. 
Unfortunately, to such men—aside from their own 
business—the ideas gained by them before they 
were twentv-fivc are practically the only ideas they 
will have for the rest of their lives. They cannot 
create anything new. Disinterested curiosity fades, 
the mental grooves are set, the power of assimila¬ 
tion and creation wanes and dies. If by chance 
they ever do learn about some entirely new craft 
or hobby they are likely to be afflicted with a 
strange sense of helplessness and insecurity. But 
with craftsmanship learned in the impressionable 
days of instinctive curiosity we never quite lose our 
sense of being “at home” in our workshop or lab¬ 
oratory. There remains a kinship, a sentiment of 
close acquaintance with tools, instruments, and 
apparatus which, even though we have failed to 
keep abreast of the subject, flatters us with a sense 
of power through hard-won experience and makes 
us feel not altogether out of place in this world. 
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PREFACE 


I T IS NOT without some misgiving that I venture on this, my first effort to write a book. In the first 
volume I have endeavored to keep in mind the enthusiastic but oftentimes struggling amateur gun¬ 
smith, and the book is offered as an attempt to make him independent of outside help. In its arrangement 
I have followed the method which at this time appears best suited to convey a clear idea of constructive 
forms of gun work. 

The second volume aims to be a wider and deeper development of the material introduced in the 
first. It is my hope that it will lead the amateur into the theoretical and practical science of gun¬ 
making, and be “a light to his path and a lamp to his feet'* all the fascinating way. 

The work as a whole is written in the hope, not that masters will arise from these teachings, but 

that latent skill will be aroused and self-reliance encouraged. Tt is almost certain that as time advances 
some of the drawings and formulas will be revised; but until then, I feel confident that they will be of 

the utmost service to the student. Undoubtedly, much will be found in these pages that is obvious 

to the more experienced mechanic, but if I have succeeded in lucidly conveying the first principles of 
gunmaking to the beginner, I shall feel satisfied. 

The gun in all its forms is only an implement, but in its making it has become a highly specialized 
work of art, and few trades require such an extensive knowledge of mechanics. The gunmaker must also 
be not only a tool maker but an artizan who can adapt himself to almost any type of work. It is the 
ingenious man who will go farthest in this work, for it has unlimited possibilities; and as he advances to 
the problems of the second volume it will become more interesting. 

It is with a feeling greatly resembling regret that I write the word ‘‘finis” to these volumes. Their 
creation has beer, an intriguing task, and has caused me to walk anew the beguiling path upward from 
my amateur days. And much remains unsaid, for it is impossible to corral all the vital information that 
has been gained in a lifetime of gunmaking, or to stop writing of a science which never has stood still 
and never will. 

It would be impossible to explore a field so wide and diversified, even as insufficiently as I have done 
it. without the aid of knowledge and experience other than my own. I therefore take pleasure in acknowl¬ 
edging the valuable assistance rendered me by such well-known and authoritative sportsmen and tech¬ 
nicians as Colonel Townsend Whelen, Mr. T. G. Samworth, Captain G. A. Woody, Mr. R. J. Kornbrath, 
and Mr. Austin G. Hale. And for their contribution of illustrations I am indebted to Dr. Dayton C. 
Miller, McGraw Hill Book Company, Westlcy Richards & Company, Ltd., the Lyman Gunsight Cor¬ 
poration, Parker Brothers, Waterbury Farrel Foundry Company. Remington Arms Company, the Cleve¬ 
land Twist Drill Company, Hendey Machine Company, Pratt & Whitney Company. All these friends 
have been generous with their hard-acquired information, and we shall always be their debtors. In other 
days such “secrets of the craft” would have been jealously guarded by their discoverers. Today the 
greatest have not withheld their kindly hands. 

Old Omar Khayyam has these lines in the Rubaiyat: 

I often wonder what the vintners buy, 

One-half so precious as the stuff they sell. 

I feel the same way about gunmaking. What business is so fascinating as that which makes the 
things one loves, what clientele so appreciative and loyal as sportsmen at their happiest and best? 

May I ask the readers pardon for incompleteness, for oversights, for possible errors, and may I 
ask of him tenacity, perseverance and patient hard work, that this text-book may not have been written 
in vain? 

James Virgil Howe 

Cleveland , Ohio, June , 1934 
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INTRODUCTION 

Purely for the Amateur 


M Y OBJECT in writing this book is to bring 
the enthralling business of gunsmithing into 
the life and down to the abilities of the every-day 
gun lover who has a mechanical mind and an apti¬ 
tude in the use of tools. I hope to lead him step 
by step to attainments worthy of a professional 
mechanic, and eventually to a place where he will 
be able to do all the things necessary in the produc¬ 
tion of a complete arm. With this in view, I shall 
devote this introduction purely to the amateur who 
knows little about gun making, but who has the 
desire and the ambition to learn and to achieve. I 
believe that the best place to make a start is in 
renovation. Tearing down an old gun, removing 
the rust and dirt of years, and replacing each part, 
gives one a direct knowledge of its components, 
their uses and functions, that a study of drawings 
can never impart. 

Spending leisure time on an old muzzle-loading 
rifle of the early period gives a start in creative 
work, and when carried out scientifically is prof¬ 
itable in many ways, keeping both mind and body 
active. The instinct to create is resistless; as chil¬ 
dren, with unskilled fingers, we patiently try to 
build with toys the concepts of our fertile imagina¬ 
tions; still with determination we continue, even 
tho failure is repeated many times. As men, most 
of us still have that instinct to build, tho many lose 
it in later years through lack of the right environ¬ 
ment. We have learned that direct teaching in 
childhood furnishes the best foundation for our 
hobbies in later life; exclusive of bridge and golf— 
two national pastimes frowned upon by those with 
creative ability—such instruction is too often lack¬ 
ing in thoroughness. 

How strange to be bom without the desire to 
direct one's hands by the mind to create an object 
or bring a worn article back to its original condi¬ 
tion! Renovation, as a start; beginning with an 
old piece of furniture, if no better object can be 
found. Do not harbor the impression that a hobby 
must be creative, or inventive, or must be a benefit 
to home, office, or mankind. Most of us are just 
poor weak creatures, improving on the ideas of va¬ 


rious other individuals. From a humble start sume- 
thing materializes—tho it may benefit only yourself 
—by giving peace of mind and body. 

Living in large cities, in apartment houses, and 
having rapid, easy transportation, as well as stores 
that sell or procure for the customer everything 
from toothpicks to ready-made cottages, the modem 
youth has entered a state of decadence that his 
forefathers would have looked upon with outspoken 
condemnation. The object of one’s desires is 
handed to him without the slightest effort on his 
part—complete, and even delivered. Wants that 
sixty years ago would have meant labor and self- 
denial, are now supplied without turning one’s 
hand; and the result is a regrettable decline in 
knowledge of the simplest tools. This may mean 
more to the human race than one would care to 
acknowledge, for the best definition of man is that 
he is ‘‘the tool-using animal.” In the large cities 
today it is very rare to encounter a person who can 
use the simple hand tools. Where this loss of skill 
finds its saddest expression is in the management of 
our hobbies. The one thing in life with an appeal 
strong enough to lend encouragement in the battle 
of existence is missing; unoccupied time becomes 
poisonous and injurious to home and happiness. 
Hobbies have saved many men by keeping them 
sane. If you do not already have one, find one for 
yourself and ride it—whether it be firearms or 
something quite different. Many may not be 
capable of even thinking up an adventure and pur¬ 
suing it in their present environment; but there is 
a wide range to choose from—collecting minerals, 
jewelry, pipes, books, old money, antiques, stamps, 
china, glass, etchings, art, etc. This list could be 
lengthened and still one could find some other thing 
that would serve to keep him sane. If nothing else 
appeals to your taste, why not become a collector 
of arms with historical interest for the den 
decorations? 

Lack of mechanical knowledge, in most cases, is 
due to not being willing to learn. The familiar 
excuse, “I’m too old to take up a hobby,” can no 
longer be accepted. Be what you may; a trial 
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directed seriously along mechanical lines will reveal 
that you are not nearly so helpless as you sup¬ 
posed. Many a man—and woman, too—has an 
unsuspected aptitude for tools. An old muzzle- 
loading rifle may look hopeless to the layman, but 
to the lover of tools it offers the possibility of 
spending many hours of enjoyable labor in its 
renovation. 

In the eastern part of the United States one can 
often find these old arms in unexpected places. 
They lurk in old attics and can be purchased on 
very reasonable terms, considering their value from 
the viewpoint of the collector. Many can be 
secured in antique shops, while others can be pur¬ 
chased from individuals in whose families they 
have been for many years; handed down from 
generation to generation. Often interesting history 
will accompany the weapon. Securing one is in 
itself enough to inspire you to lay plans for its com¬ 
plete renovation. The older the arm the more the 
barrel is rusted and worn. Parts have been made 
by the former owners or by local gunsmiths. The 
3tock may be broken or rotten in places; broken 
stocks often require the making of new ones, but 
in any case the repairs to the old ones are likely 
to tax one’s ingenuity. New pieces of wood can 
often he set in, matching the old wood so well that 
it is hard to defect where the repairs were made. 
All the metal parts and brass furniture will need 
polishing. (The term “furniture” is used for the 
trigger guard, patch box, butt plate, etc.) The 
wood screws will need to be renewed; likewise the 
keeper pins, and iron screws. 

As all guns are merely mechanisms for exploding 
a charge and directing a bullet, you will be surprized 
how constant these functions are and how little 
change has taken place in centuries. The names, 
even of the important parts of gun mechanisms, 
have persisted from the days of the flint-lock to our 
own times. So if you, Mr. Beginner, have carefully 
noted the function and uses of all the parts you have 
dissected in Grandad’s old squirrel-gun, you have 
gone a long way into the science of gunmaking and 
will recognize the similarity, even in the differences, 
when you examine the vitals of the modern breech¬ 
loader. 

If Grandad’s old gun is available, let us start on 
that. Almost surely it will not be quite complete; 
some parts will be missing or worn. Let us see what 
you can do. First, strip it down by removing the 
barrel from the stock. You will find that it is 
secured at two places: a cross-bolt transversely 
through the fore-end and either a hook engaging in 
the false breech, or as is more common, a screw 
running downward through the tail or tang of the 
breech-plug into the stock. Place the barrel in 


a vise, using clamps of lead, copper, or felt-lined 
jaws to prevent marring the barrel by the hardened 
jaws of the vise, and with a large wrench, unscrew 
the breech plug. You may have to soak the barrel 
end in kerosene before you can move the plug, and 
in some cases heat will have to be applied by means 
of a gasoline blow-torch. With the plug removed, 
you will have complete access to the bore, and will 
be able to see its condition and to go intelligently 
about its scoring. With the barrel work completed, 
you will remove the lock and “furniture” by un¬ 
screwing the side plate, and this will have your next 
attention. If you decide to dismount the lock, you 
will have to devise a little gadget to compress and 
hold the mainspring in tension in removing and 
replacing it. Only the furniture will not be at¬ 
tached to the stock. 

Perhaps you have a 25-20 single-shot Winchester 
rifle having a worn muzzle, poor sights, a trigger 
pull that needs stoning, an action that needs pol¬ 
ishing, and a stock and forearm that are not just 
right. If you have not discovered these defects 
beforehand, you will in actual shooting on the 
range, where they will be revealed in the target 
you produce. 

Let us suppose that the groups arc all in a 
twclvc-inch circle at one hundred yards. You know 
that you can hold a little better than this, so the 
first trouble you will look for is a badly worn 
muzzle. If this should be the case, cut off from 
nne-half to one inch with a hack-saw and file the 
muzzle square, using a small try-square having 
a thin knife-edge blade. File so that you cannot 
see any light under the blade, or as close as pos¬ 
sible to square, by checking from all four points 
on the end of barrel. With a 60-degree counter¬ 
sink, just break the edges of the rifling. When 
this is finished, proceed to lap the barrel as de¬ 
scribed in Chapter XVIII, Volume II. 

If the rifle is not equipped with a marine-type 
front sight, make one the same height as the old 
sight, but about .09 inch wide. Now take it out to 
the range again and fire for groups. You will be 
surprized to see how the groups have been reduced, 
for nine times out of ten this operation will bring 
new life back into even some of the old muzzle- 
loaders that look from the muzzle as tho they had a 
hexagon bore. 

After you have breathed this new life into the 
rifle, so to speak, you will find that you have re¬ 
leased a hidden spring in yourself. You will realize 
that if it only took a hack-saw, a file, and a lapping 
rod to improve an old, neglected barrel, then rais¬ 
ing the comb or making a new forearm will do 
infinitely more. Place the sling swivels in a better 
position and you begin to find that results are 
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obtained of which you never dreamed you were 
capable. 

It will be well to overcome the desire to create 
the work of an artist and be content to face the 
problems of apprenticeship. Start by practising on 
the mortising of a piece of metal into a piece of 
wood. It does not matter what you pick up in the 
form of a metal piece, but try to fit it in so that 
there will be no openings around the metal. If you 
are successful, try anything that has an odd shape 
or form and work that until you become so accus¬ 
tomed to using the tools that you have complete 
confidence in yourself. Square pieces of wood with 
a plane and use the checkering tools on sample 
pieces of walnut. 

Wood work, I think, requires an almost innate 
skill, especially in the building of a stock. Study 
the methods not only of men familiar with the par¬ 
ticular problems of gun work, but also those of 
cabinet makers, pattern makers, and musical-instru¬ 
ment makers, for you can learn some things from all 
of these trades. Naturally, wood work is easier for 
most of us than metal work, for wood work requires 
artistic ability, instinct, and forethought, while 
metal work requires a sound knowledge of its own 
particular science. 

At first, file out your checkering tools from um¬ 
brella staves. Bend the staves and file fine teeth 
in them, just as in a checkering tool (one of these 
is only a double saw), and this will give you an 
idea of keeping lines straight. Make up a matting 
tool also, to see the type of design it will produce on 
wood. Just take a piece of y lfii >$, or % 2 square 
steel, and cut it off three or four inches in length. 
File fine teeth or points on the end with a small 
needle-slitting file. It will not be necessary to 
harden this temporary tool. Try it on a piece of 
wood by tapping it lightly with a small hammer 
to see the effects brought out on the wood. 

As I look back upon my own start, I remember 
well the experiences I had. I bought no tools ex¬ 
cept a small vise for which I paid two dollars. 
The bench was constructed of light boards, and had 
a rocking-chair motion when I tried to do any work 
on it. My wood chisels were made from x 
drill rod. These were as bad as the bench and the 
vise; yet T fitted a Springfield action into a walnut 
blank with them. With a rasp and a bastard file, 
I shaped up the outside, sanded the stock, oiled it, 
and checkered it with a checkering tool made from 
the same drill rod. 

After my first experience, I realized my require¬ 
ments, and began to spend some money for equip¬ 
ment—a substantial bench, a good swivel vise, 
chisels, brace and bits, planes, good screw-drivers, 
files and rasps, spoke-shaves—and made up special 


tools that I discovered were needed and unobtain¬ 
able. From then on things were better organized, 
but as I recall those days, I cannot help wishing 
that I had been able to turn to the pages of a book 
such as this. 

We all make a good many mistakes in the be¬ 
ginning. Even today I make some that cost me a 
lot of time and money to repair. Do not try to 
rush your work, for in gunmaking this cannot be 
done. Gunsmithing, while it is a trade in itself, is 
really made up of a number of specialized branches, 
such as tool making, die making, cabinet making, 
and instrument making. You must specialize in all 
of these, but in changing from one to another, mis¬ 
takes will creep in now and then. 

Before taking a firearm apart, study its construc¬ 
tion, and through simple reasoning, figure out why 
the manufacturer made it in that particular way. 
There is a reason for every screw placed in a me¬ 
chanical device. Many automatic pistols come to 
my .shop after they have been taken apart, and oc¬ 
casionally when T receive such arms they are be¬ 
yond all hope of repair. When the beginner is in 
doubt, he should consult someone who knows, for 
it does not pay to blunder ahead without thinking 
what the various parts are for. But once you have 
gained a good understanding of the principles of 
the firearms of different makes, you soon develop 
an almost instinctive knowledge of all the me¬ 
chanical arrangements of the actions and will not 
hesitate to dismantle any firearm for the first time. 
Remember each and every part you remove, and 
put it down in a consecutive position on the work 
bench, so that the mechanism may be put together 
as it came apart. 

One of the most important things in this field is 
a clear understanding of firearms and the reloading 
of ammunitions, not only of the firearms you own, 
but of others as well. Read the books dealing with 
these problems from the pens of such authors as 
Whelen, Crossman, Mat tern, Greener, etc.; and 
also reference guides such as the machinery hand¬ 
books and texts by Fred H. Corbin and Frank A. 
Stanley. Such hooks as these deal with shop prac¬ 
tise and the general principles of mechanics. It 
will be well to start a library not only of books, but 
catalogs as well, for these contain a wonderful 
amount of valuable information. Write for those 
on the list which the Director}' contains, and you 
will find that they offer a course of study which in 
time becomes indispensable. The tool catalog is 
especially valuable, for there you will find tools 
that answer for other purposes than gun work. 
Nearly all the large hardware houses circulate cata¬ 
logs, but it is doubtful if they would forward one 
of these to an individual without any business con- 
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nection. So, for the average person, it is best to 
secure both Sears, Roebuck and Montgomery Ward 
catalogs, as these contain almost all the tools and 
supplies the beginner will need. 

I have spent a number of years in gun and am¬ 
munition work and have gained experience, not 
only from the standpoint of a small gunsmiths 
shop, but from a number of years spent in one of 
the U. S. Government’s largest arsenals and other 
fine institutions where it was possible to acquire a 
world of knowledge in mechanics. I am passing 
this information to the reader without concealing 
any trade secrets. Some subjects could be treated 


in separate books, but as long as the reader is able 
to grasp the principles with a clear understanding 
of the reasons behind various instructions, he will 
develop his initiative to a point where he can ac¬ 
complish great progress in the construction and re¬ 
pair of firearms. Finally, be sure your ideas are 
practical and noL theoretical, for you will spend 
long hours proving these ideas. This is satisfactory 
providing it does not run into too much expense, 
for b}' doing it, ultimately you will have gained 
experience proving your theories; and when the 
results do not prove satisfactory, just charge it up 
to experience. 



CHAPTER I 

The Workshop, 
Tools, and General 
Equipment 













CHAPTER I 


The Workshop. Tools, and General Equipment 


I NASMUCH as it is essential that the mind be 
free from trouble and distraction in order to 
produce one’s best work, the workshop should be 
located in such a place as will allow concentration. 
A space should be set aside, if possible, that will 
he in every respect best fitted for this particular 
type of work. The difficulty of using the average 
basement as a workshop is the lack of proper, natu¬ 
ral light, an essential element in close work. The 
shop would be far belter were it placed in a well- 
lighted spare room, perhaps in the attic; or. better 
still, there may be a space in the yard to erect a 
simple shed or make an addition to the garage. If 
one is lucky enough to have a suitable out-building, 
this is easily converted into a convenient shop. 
The important qualities are that it be heated and 
ventilated, that the natural light be good, and 
that it be roomy enough to contain all the necessary 
tools, fixtures, and supplies. 

As your ideas and mistakes are best developed on 
paper, it will be well to secure a drafting board, 
and to place it in a corner of your workshop to¬ 
gether with a T-square, 45 and 60 degree triangles, 
a finely graduated rule, and an inexpensive set of 
drawing instruments. There you can make a rec¬ 
ord of all your ideas, and in time you will be able 
to do any work you want to do with this equipment 
and the mental picture before you. 

The Workbench — This can be made in various 
ways. You can obtain factory-made, presserl-steel 
bench legs and build up a top of any size, adding 
elaborate details if you are so inclined. However, 
I should advise the beginner to test his skill by 
making his own bench in its entirety. You can get 
the necessary 4x4 yellow-pine studding, such as 
carpenters use for house framing, for the legs, mak¬ 
ing each end frame with two uprights and one 
crosspiece on top, and a lighter one fastened about 
10 inches from the floor. A board can be fastened 
lengthwise between the frames, and this makes a 
handy rack to store scrap wood or metal parts. 
The crosspieces can be fitted into the uprights so 
that they make a neat joint and can be held to¬ 
gether with >£-inch carriage bolts. 

For the top. either get a two-inch plank of yel¬ 
low pine or some hardwood such as beech or maple. 


If you wish lo go into the construction more elabo¬ 
rately you can make your top of 1-inch yellow pine, 
and cover it with maple flooring laid crosswise. 
This makes a very good hardwood top and will 
last forever. Yellow pine, altho cheaper, soaks up 
oil and is never as satisfactory as harder woods. 
The suitable size for a bench is between 34 and 36 
inches in height from the floor to the top of the 
bench, according to one's stature, and about 24 
inches in width. Rubber placed under each leg 
will greatly soften noise. Drawers should be built 
and partitioned and attached to the under side of 
the top. These will hold the tools and files that 
are not generally in use. A suitable rack at the 
back should also be built to hold other necessary 
tools, such as chisels, bits, etc. 

The length of the bench can be governed by the 
available space, but by all means make it long 
enough, for you will find that much more space is 
necessary for all your work than you realized. In 
fact, if the reader has intentions of larger develop¬ 
ment, it would be best to build two benches, one for 
his wood work, and one for his metal work, as these 
two types of work require different attachments, 

such as vises, etc. 

§ 

A good bench is absolutely necessary, and you 
will find that there is no substitute. The kitchen 
table is useless, for it is important that everything 
be solid and fastened securely. I do not recom¬ 
mend the purchase of wood working-benches such 
as arc listed in hardware catalogs, for I would im¬ 
press upon the beginner’s mind the importance of 
gaining the experience step by step, which is done 
by making everything possible one’s self. 

Necessary Tool Layout — Here is a necessary 
tool layout, given in alphabetical order, with a de¬ 
scription of each tool. This is to give one a general 
idea of his tool requirements. Separate chapters 
will deal with their use: 

Alcohol Lamp —A lamp of this kind can be made 
easily. A gum mucilage bottle has even been used. 
A .30 caliber cartridge case can be cut off and a 
section of this inserted for the tube. An oil can 
may also be used by cutting off a part of the 
tapered spout and inserting a wick. The bottom 
of a cartridge case will serve as a cover. This will 
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make the most serviceable of lamps. Of course the 
appearance will not be the best or to the taste of 
a good mechanic, who has pride in his tools, but 
it will answer the purpose. 

The uses of the alcohol lamp are varied; with it 
you will be able to heat all small parts for harden- 


V-grooves vertically and horizontally and to drill 
and tap for clamps. Then make suitable clamps 
for fastening the work by means of these V-grooves. 
One will find that a plate of this nature plays a 
large part in the layout of new work and in the 
necessary set-ups to check measurements. It is 



ing and bluing, and it will also serve for drawing 
the temper of small tools, etc. 

Angle Platt —This is a most useful fixture for 
clamping parts in laying out work. The most con¬ 
venient size is one 3 inches in height by V/z inches 
in width. Angle plates can be purchased from 
hardware or machinery dealers. The best of plates 
can be made by an advanced student. Figure 1 
illustrates an angle plate. It is best to mill the 


also useful for clamping work that must be per¬ 
fectly square. An angle plate of cast iron is the 
most satisfactory. 

Anvil An anvil weighing between 40 and 80 
pounds is one of the most useful appliances in the 
heat-treating or blacksmithing department. It will 
be used to forge springs, to make special hammers, 
etc. A universal bench anvil will also prove very 
useful in the shop. 
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Arbors —When one's equipment includes a lathe, 
these can be made as required. 

Arbor Press —A No. 1 or No. 2 Greener arbor 
press can be used for broaching, punching, piercing, 
straightening, pressing in pins and bushings, re¬ 
sizing cartridge cases and bullets, etc. 

Dench Stops —These are for the woodworking 
bench and come in handy for holding work in place 
while planing. Several of these may be placed in 
line along the top of the bench, and you will find 
many uses for them. 

Bench Grinders —The best bench grinder is the 
electrically driven Apex l /\ -horse-power grinder, 
which has %-inch shafts and takes two grinding 
wheels. By removing one of the grinding wheels, 
various disks for cleaning, surfacing, polishing, 
and countless other operations may be substituted. 
Hardwood disks, preferably of maple or beech, 
about 9 inches in diameter and 1 inch thick, are 
adaptable to a variety of uses. These must run 
absolutely true to prevent vibration. By gluing 
sandpaper on the faces of these wheels they can be 
used for truing the faces of materials such as buf¬ 
falo horn, ivory, bakelite, and fiber work. It is 
well to have six or eight of these wheels with 
sandpaper of different degrees of fineness glued to 
them. As they wear out, they are easily replaced. 
With 52 sandpaper attached you can rough down 
rubber recoil pads, and for finishing you can use a 
wheel covered with 50 or 500 sandpaper. With the 
latter you will get a very fine finish free from 
scratches. On ivory, bakelite, fiber, and similar 
materials, it is best to experiment with different 
grades of paper to determine which will produce the 
best results. This grinder will take the circular 
wire wheels, felt wheels, muslin, canton flannel, 
woolen, chamois, buckskin, leather, and shecoskin- 
covered wheels which will be used in the polishing 
of steel parts. 

Bench or Surface Plate —A plate 14 x 14 x 1J4 
inches is essential for laying out different things, 
or for forming up ordinary parts of sheet metal, 
and when necessary, it is something you can pound 
on instead of using the bench top. Another plate, 
of heavy glass, 12 to 16 inches wide and 40 inches 
long, is a great convenience. This should be placed 
on a stand that is perfectly level and can be used 
for a laying-out plate in mounting telescope blocks, 
for squaring between any filed or machine sections 
of barrels or action work, for laying out stocks to 
secure the proper lines of drop and cast-off, and for 
laying out sight bases and other parts. Such a 
large surface plate of metal is expensive, but a true 
glass plate will answer the purposes very well and 
cost much less. 

Bits —Three types of luring bits are necessary in 


the general layout: auger, Forstner, and center. 
The auger bits are not expensive, and it will pay 
to invest in a high-grade set, graduated between 
J4 an ^ 1 inch by sixteenths. Forstner hits are very 
useful in gun work. Unlike auger bits they have 
no spur in the center, but are guided by a sharp 
outer rim or cutting edge which makes a hole with 
a smooth level bottom. These are the most con¬ 
venient bits to use for cutting out recesses for locks 
in shotguns and wherever a fiatbottomed hole is re¬ 
quired. These bits are often incorrectly referred 
to as “Foster bits.” The center bit is short and is 
used in gun work only for starting the hole so that 
the Forstner bit can be exactly located. 

It much work is to be done, it is best to get all 
three sets of bits. The principal use for boring bits 
is roughing out wood in the magazine mortises, 
boring out recesses under a trap butt plate, and a 
number of similar uses in different kinds of wood 
work. One or two expansion bits, while not alto¬ 
gether necessary in gun work, are good additions. 
Figure 2 shows a wood bit to be used in a brace., 



Fig. 2 

Wood bit lor brace—intended lor wood only 


Braces —rick out the most dependable for use in 
connection with auger bits. It should always be a 
ratchet brace. A Yankee hand drill with a set of 
small bits is also included under this head, as it is 
one of the most serviceable hand drills for drilling 
small holes. It is also an aid for drilling in awk¬ 
ward places. 

Bevel Protractor —This is used for laying out 
angles on both wood and metal and also for check¬ 
ing unknown angles. 

Bunsen Burner —This, as well as the alcohol 
lamp, is very useful for heating or tempering small 
parts, as a very high temperature can be obtained. 
It is inexpensive, and if gas connections are avail¬ 
able is a great convenience. 

Calipers —A set of both inside and outside cali¬ 
pers, 2, 4, and 6 inches, will be needed. These are 
handy for making quick measurements and to cal¬ 
culate the diameters of work throughout the opera¬ 
tions. One 4-inch hermaphrodite caliper is all that 
is necessary. This is for drawing lines from the 
sides of a surface to a given measurement, and is a 
very useful caliper. 

Catalogs —See Directory. 

Checkering Tools —These tools arc very useful, 
not only to place designs on forearms and pistol 
grips, but for other designs as well. Imagine a 
saw, or rather two small saws, about 1 inch long, at 
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PLAN 3 PRONG CHECKERING TOOL. 




ENGLISH PATTERN TOOL ENGLISH PATTERN TOOL 

Fig. 3 

Checkering tool designs 


the end of a straight piece of steel shank looking row tool is the hardest one to make, for it is neces- 

like a small tooth-brush. Figure 3 illustrates check- sary to get accurate measurements. The tools 

ering tools. The double saw can be made by hling shown in Figure 4 are for milling the cutting teeth 

it as one thick saw; then cutting a groove lengthwise 
to make two rows of teeth. In using it, one side of 
the teeth first forms the groove, and afterwards 
forms the guide, while the other side makes the 
next cut. As each first cut is finished another mark 
is being made. This insures equal width of cut. A 
set of checkering tools consists of the bordering 
tool, laying-out tool, and two checkering tools for 
each size of checkers. From point to point of the 
teeth there should be a distance of .04 and .045. 1 Z 

These tools are made from ]/% x drill rod, cut- Fi q . 4 

ting the rod in 6 -inch lengths, heating the end to Milling cullers for making checkering tools 

cherry red and forging the end about 1 inch long 

at an angle of about 75 degrees. accurately; placing them .040, .045, .050, .055, and 

It will be good practise for the student to under- .060 apart. The .045 tool gives the best results 
take filing out his checkering tools, using a three- and makes the best checkering possible on a stock, 
square needle file and measuring from point to After the grooves are cut in the checkering tools 
point. For fine checkering (25 lines to an inch) lengthwise, it is easy to file out the cutting teeth, 
they should measure, point to point, .04 inch wide. To do it more accurately, have them milled out and 
The best tools are made with three rows of teeth, spaced as finely as possible; then file the sides or 
While one is cutting, the other is guiding into the cutting edges on an angle, sloping well back; the 
groove which has been made previously. The three- sharp cutting edge on the outside does all the work. 
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The teeth may be made almost vertical, or they may 
slope back slightly as outlined. You can stone these 
for the different woods you are using, for degree of 
sharpness is important. After cutting the teeth on 
both sides, heat the cutter to a bright cherry red 
and quench in water, polish off with emery cloth, 
and draw the temper to a light straw color. This 
leaves it hard and impossible to touch with a file. 

If you wish to cut your own checkering tools with 
a three-square needle file, lay them out, using the 
die-maker’s square to get the first line and esti¬ 
mating over the distance that you wish to space it. 
Say that you wish to space it .045; this is easy, as 
these scales are graduated in sixty-fourths, so it is 
only necessary to set over on the second line to % 4 , 
only .001 over the .045, which is near enough. It is 
very essential that you be careful in filing these 
spaces to get them the proper width, for if you try 
to doctor them up by filing the sides of the cutter, 
you change the height—one will be high and the 
other low, and you will have difficulty in checkering. 

If you do not get just what you wish at first, 
start over again and get the width that you desire. 
Circassian, French, and Italian walnuts are the 
easiest woods to checker, and the checkering on 
them can be made much finer than on open-grained 
American walnut or softer woods. Eighteen to 
twenty spaces to the inch is customary in using the 
.050 or .055 tool. The laying-out tool is seldom 
used, as you can lay out your work much better 
with the three-square bent needle file. 

The angle of the checkering tools should be 30 
degrees on the side or 60 degrees on the included 
angle. These angles are the same as the three- 
square needle files. The border tool may vary ac¬ 
cording to the width that is pleasing to the eye. 
The finest checkering does not require a border, 
for a border is only carried around the checkering 
to cover mistakes, such as the slipping of the check¬ 
ering tool and the three-square needle file. It is 
well, however, to have the beginner use the border 
tool until he becomes so adept that never a mark 
will be made outside the outlines of the checkering. 
The end which is driven into the file handle can be 


drawn to a taper so that it may be more tightly 
secured. The length of the tool from ferrule to 
point should be between 3 and 4 inches, and from 
the bend to the checkering teeth, three-quarters of 
an inch. 

The bent file is made from a die-maker’s escape¬ 
ment file, or a 5j4-inch three-square needle file, 
50 or 500 cut. To bend the files at the end, coat 
with a mixture of bone-black made into a paste by 
adding oil. Heat to a cherry red and bend on a 
hardwood block using a slight steady pressure. 
Coat again with bone-black, reheat to a cherry red, 
and dip into a brine solution made by adding com¬ 
mon table salt to water. This requires very quick 
work, for the point is so small that it loses heat 
rapidly, so everything should be handy—the fire, 
the wooden block and the brine solution—for as 
soon as you dip the file into the solution, the bone- 
black comes off and the file serrations are at once 
clean. The bone-black, of course, is only used to 
prevent the heat from burning the points of the 
teeth. 

Chisels —These come under the heading of firmer 
chisels, socket chisels, bottoming tools, gouges, cold 
chisels, and carving tools. 

(a) Firmer chisels: The ordinary carpenters’ 
chisels are too long and clumsy for gun-stocking, 
but those made for wood carvers are very suitable, 
especially the short ones made for work in technical 
schools. 

(b) Socket chisels: These arc a very short pat¬ 
tern of carpenters’ chisels and arc useful in the 
rougher operations. You can buy an assortment of 
them from any hardware company. You will need 
a set from l /s up to 1*4 inch. You also require a 
set of offset pattern-maker’s gouges from % to % 
inch, varying in widths by J /s inch. 

(c) Gouges: You may have to undertake the 

making of your own gouges, as suitable inside- 
ground gouges are not available. These are made 
from drill rods Vie, M, 7 /o, inches. 

The most convenient length is 4 inches from the 
file handle. File down the drill rod to a taper 
one-half its diameter on the end used for cutting; 
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then file out the radius of the cutting edge to the 
proper size and harden and temper in the usual 
way. Of course it will be necessary to turn the 
other end down to a lesser diameter in order to 
drive into convenient-sized file handles. When 
these tools are made and held to a sharp cutting 
edge, you will find them very handy on inletting 
work where small as well as large radii need to be 
cut very sharp. Figure 5 illustrates these. 

(d) Carving tools: The very best carving chisels 
and gouges are those made by F. V. Addis and 
Sons of London. They are made from fine Sheffield 
steel, forged entirely by hand and sold in this coun¬ 
try by Hemmacker & Schlemmer and Company in 
New York City. You will find a number of uses 
for carving tools, and it is well to invest in a set of 
these, not only for the different carving work you 
may want to do, hut also for odd forms that may 
arise in the construction of special woodwork. 

(e) Bottoming tools: These must be hand-made, 
as the ordinary chisels and carving tools will not 
reach the deep culs required in the inletting of 
shotgun actions. Bottoming tools can be made 
from x inch drill rods and forged and filed 
to the shape required in any particular job. It is 
necessary to head and forge out the ends, so be very 
particular to keep your heat even and do not at¬ 
tempt to forge the steel when it starts to lose its 
color; hold it at a cherry red as long as you are 
working it. After forging, file it to the desired 
shape, harden, and drew the temper to a purple. 
The edges may then be sharpened with an oilstone. 
File down the shanks and fit suitable file handles. 
You will find as you progress that you will never 
have enough bottoming tools. 

(f) Cold chisels: Buy only a few of the small 
sizes; these arc very seldom used in gun work, but 
you will find a use for very small ones. Save all 
your needle files, and by using the ends that are 
held in the hand, you can make fine chisels. They 
will hold their edges very well if the temper is 
drawn to a light blue. 

The wood chisel is one of the most important 
tools a gunsmith owns, so without the finest of 
chisels he is absolutely helpless. The ordinary 
carpenters’ chisels can be used by the beginner to 
get an idea of what is required, but for the fine 
inletting of actions into stocks such chisels are 
really useless, and good work can never be done 
with these tools. Always bear in mind that they 
must be held at a keen razor edge so that they will 
cut the grain any way it may run. 

Clamps —These are used for the purpose of at¬ 
taching horn, glued wooden insets, ebony, ivory 
forearm tips; for holding down work on the drill 
press, for clamping discs to circular wheels on the 


grinder, and a considerable variety of other uses 

(a) C-clamps: There are a variety of C-clamps 
made, but the most useful is the malleable iron 
body-builder's C-clamp which comes in openings 
from 3 to 10 inches. It is essential for the be¬ 
ginner to secure a set of these clamps with openings 
of 4, 6, and 10 inches. They are very reasonable 
in price, and while buying it is well to get the set. 
You can also buy the small cast-iron clamps in the 
five and ten cent store. These come in handy for 
a number of things. Even tho they are made of 
cast iron they serve their purpose very well on 
small work. There are a number of odd forms of 
clamps you must construct yourself as you find 
uses for them. 

(b) Steam’s improved bar clamp: This is one of 
the handiest clamps of its kind, and comes in 
various lengths. A five-foot clamp is very con¬ 
venient for a number of jobs, and can be bought so 
reasonably that it does not pay to make it. You 
can get the shorter clamps of the Steam’s variety 
for all the work in the gunshop. 

(c) Butt clamp: As every gunsmith knows, this 
is a very handy clamp and worth making up. It 
is used largely in stocking shotguns and single-shot 
ritles. The end pieces are x 1 x 6-inch cold drawn 
steel. tn*h 7 Ae holes drilled 4 or 5 inches apart. 
On these are placed two long ^ bolts, threaded on 
each end, and long enough to reach from the action 
to the butt of the stock blank. Care must be taken 
in tightening the nut on the opposite end so that 
equal pressure will be applied. It is important to 
equalize and tighten the two nuts at the same time. 
Figure 22 illustrates one of these clamps. 

(d) Wooden hand-screws: These are very handy 
for holding sections that are glued to stocks, also 
for holding forearms in place; in fact they have a 
number of uses on woodwork where metal clamps 
cannot be used. 

(e) Tool-maker’s parallel damps: It is well to 
secure sets of these clamps, for they will be much 
used in metal work, such as holding in place tele¬ 
scope and sight bases of all kinds and descriptions, 
and also for clamping work to face plates, angle 
plates, and lathe-face plates. 



Fig. 6 

Fluted countersink 


Fig. 7 

Halt countersink 


Countersinks —These are made in various angles 
—45, 60, and 82 degrees, and are used for counter¬ 
sinking metal and wood. Figures 6 and 7 illustrate 
two standards used. 


THE WORKSHOP, TOOLS, AND GENERAL EQUIPMENT 


15 


Dies —The beginner should secure round button 
dies of the following sizes, together with a suitable 
die stock. It is wise to get sets made up in these 
small convenient sizes: 


2-64 

6-48 

10-30 

2-56 

6-32 

10-24 

3-56 

7-36 

12-28 

3-48 

7-32 

12-24 

4-48 

8-36 

742-32 

4-36 

8-32 

14-20 

5-40 

10-32 

A-24 


One set put out by the Pratt and Whitney Com¬ 
pany ranges from %c> to l /i inch in sixty-fourths. 
This set includes the corresponding taps. A full 
set will be found expedient. 

Spring Dividers —A set of three tool-maker’s 
roundleg dividers in 2, 4, and 6 inch sizes for 
laying out work is necessary. 

Drill Sets (Twist )—Drills come in different 
sizes and are classified as number drills, letter 
drills, and fractional drills. It is well to buy a 
full set of them to begin with. Number drills come 
in sets from 1 to 80; letter drills come in sets from 
A to Z; and the fractional-size drills come from 
M<s ^ Yz inch in sixty-fourths. If you intend to 
do much work, the sets of high-speed drills are 
best. After finding what drills you use most, secure 
one or two extra ones of this number, letter, or 
fractional size, so that if one is broken your work 
will not be delayed. Figures 8 and 9 illustrate 
fractional and number sets. 



Fig. 8 Fig. 9 

Drill set in number sizes Drill set in fractional sizes 


Drill and Wire Gauge —Starrett’s 5185 gauge is a 
necessary tool, as you will refer to this more than 
any other outside of your micrometer. Also get a 
fractional-size chart and the letter-size chart. All 
these come in handy for checking the diameters of 
round stock, and also for measurement when turn¬ 
ing work in the lathe. Figure 10 shows fractional 
and number drill gauges. 

Drill Press —This is one of the machines that an 
amateur really requires, not only for drilling holes, 
but for rotating work when filing screw heads, 
polishing round pieces of steel, or damaskeening 
steel such as is seen in fine watches. Damaskeen- 
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Fig. 10 

Drill gauges in number and fractional sizes 


ing is discussed in Chapter XXII. A drill press 
can be converted into a mortising machine by 
putting suitable stops in the proper locations and 
can even be used for facing w'ood by using end- 
mills where it would otherwise be impossible to get 
two faces absolutely parallel to each other. A drill 
press can also be used as a milling machine when 
you wish to file out small cutters or make slots in 
sight bases, shotgun hammers, tumblers, etc. It is 
also useful in places where it would be difficult to 
do work in any other manner, such as milling out 
stock for odd inserts of bone, ivory, ebony, and 
buffalo born. 

One of the best drill presses for gunmakers on 
the market today is the Canedy-Otto, a motor- 
driven sensitive drill press, with two separate 
tables. The upper one can be swung out of the 
way and the bottom table used for work of larger 
size where a similar center is required. The centers 
are furnished with this machine. The spindle has 
a t2 Morris taper and is also adapted to the use of 
a 53 Jacobs’ Drill Chuck. It will be best for the 
gunsmith to save up his funds and invest in such a 
machine if he intends to carry his work to a high 
degree of perfection. Figure 11 illustrates the 
Avcrv Drill Press. 

Delta Sanding Drums —These are made by the 
Delta Supply Company and can be used on the 
spindles of the electric Apex grinders mentioned 
before. They can be used for polishing convex 
and concave surfaces and for the removal of old 
varnish, dirt, or rust. The sandpaper on these 
drums can he changed very quickly as it is at¬ 
tached mechanically. 

Draw Knije —The draw knife is not an essential 
tool in the gunsmith’s list, but if one is adept in its 
use it can be employed to good advantage in the 
rough-shaping of a stock. 

Electric Glue-Heater or Glue-Pot —The Liberty 
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Fig. 11 

Avery tool-room drill press: An essential machine 
in gun shop, machine shop, or laboratory 


Electrical Company of Indianapolis puts out one 
of the best glue-pots manufactured today, one 
which is operated on the same principle as the Tire¬ 
less cooker. The pint size is the most convenient 
for the small shop. If you do not have an elec¬ 
trical connection, the regular cast-iron glue-pot will 
answer the purpose very well. 

Electric Soldering Iron —This is a great conve¬ 
nience, but the ordinary soldering iron will answer 
the purpose just as well. An iron of this type is 
not used very often in the shop, as most parts are 
sweated, but if one intends to do much work, it is 
well to have one on hand. 

Files —A real mechanic takes great pride in his 
fdes, gives them the best of care, and when they 
are worn out, converts them into scrapers, chisels, 
or any number of other useful articles. I would 
not advise you to make your own files. It is a 
difficult proposition calling for considerable experi¬ 
ence, and I do not believe the results would com¬ 
pensate for the effort, inasmuch as ready-made 
files can be bought so reasonably. However, if you 
do need one other than the standard line, all that 
is necessary is to grind a blank to the desired 
shape. The experienced file maker holds a chisel 


at the correct angle and strikes a blow with the 
proper hammer, raising a burr. The chisel is then 
rested against the burr and the following cut is 
made. File makers work very fast and accurately, 
and you would be surprized to see just how quickly 
a flat file can be finished perfectly. 

If you look closely at a Swiss file, you will find 
the spacing remarkably even. The best small files 
are made in Switzerland, and they are entirely cut 
by hand. Of course the large file makers of this 
country have special machines to do this work, but 
no machine has ever equaled their hand work. 

Files are divided into different classes: cross-cut, 
mill, double-cut, bastard files, and rasps. They are 
numbered according to their degree of fineness or 
coarseness—from 300 to 36, or from smooth 
second-cut to coarse and bastard-cut. Single-cut 
files have single, unbroken, coarse chisel-cuts across 
the surface parallel to each other but oblique to the 
sides. They are used on lathe work and by the 
machinist. They are also used by w-ood workers 
and stock makers. Double-cut files are made 
coarse, second-cut, smooth, and bastard, and are 
cut with two chisel cuts crossing each other, the 
second course with rare exceptions being finer than 
the first. These are especially adapted for use in 
the workshop. Rasps arc cut coarse, second-cut, 
and smooth. They have teeth which are discon¬ 
nected from one another, each tooth being made 
separately by a punch. These are used by black¬ 
smiths, plumbers, wood workers, etc. T hey arc the 
files which rough-cut the stocks and other irregular 
forms where an edge tool cannot be used suc¬ 
cessfully. 

LIST OF FILES FOR THE BEGINNER 


1 — 16 inch round file 

—12 

u 

44 44 

— X 

ii 

44 44 

— 6 

u 

44 44 

12 

ii 

fiat Cabinet rasp 

— 8 

u 

44 U H 

—12 

ii 

half-round Cabinet rasp 

— 8 

4 i 

44 44 44 41 

2—12 

ii 

fiat bastard files (1 for metal) 

1—12 

ii 

“ mill file (1 for metal) 

2 — 3 

ii 

“ “ “ (1 for wood) 

1— 3 

ii 

bastard files (1 for wood) 

2—10 

ii 

half-round files bastard cut 

2— 6 

ii 

44 44 44 44 44 

1— 3 

u 

crossing file 52 cut 

1— 6 

«4 

“ “ 32 “ 

6 

assorted narrow pillar files in different 

2 — 6 inch three-square files 

1— 2 

44 

warding file 52 cut 

l 

doz. 

assorted 5^2 inch needle files 

1— 6 

inch 

Barrett file 


3 three-square die-sinker's escapement files 

It is not necessary to purchase all the files on 
this list at one time, but add gradually to your 
collection as you need them. Some you will be 
able to find in the five and ten cent store. 
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File Brush —This is a very necessary yet inex¬ 
pensive addition to your list of tools. With this 
convenient brush you can clean the file of chips. 

File Handles —These are used in connection with 
the files. Do not attempt to use files without them, 
as they cannot be properly held and are dangerous 
as the tang may run into the palm of your hand, 
thereby inflicting a severe wound with the possi¬ 
bility of blood poisoning. 

Furnace —This maj' be a gasoline torch, alcohol 
torch, blacksmith’s forge, electric or gas furnace. 
A gasoline torch will satisfactorily answer the needs 
of the novice, but as you progress, a gas furnace, 
or if without gas, a blacksmiths forge must be 
added when heat is required to forge steel, and to 
harden and temper different classes of work. 

Gauges: 

(a) Surface gauge: This is the tool maker’s 
type of gauge and is used for laying out work in 
connection with the surface plate. 

(b) Auger-bit gauge: A device to clamp on 
wood auger bits to regulate measuring depths of 
holes. 

(c) Marking gauge: This gauge is a device to 
scribe a straight line at a given distance parallel 
from a side. It is very useful in stuck work. 

(d) Depth gauge: A 6-inch Starrett or Brown 
& Sharpe depth gauge is very handy for measuring 
distances from surfaces. 

(e) Screw-pitch gauge. You must have this es¬ 
sential tuol on your list. Procure one that reads 
up to sixty threads per inch. With this gauge you 
do not have to guess at the threads by counting 
them with a scale as did the old-timers. That was 
all right, perhaps, for coarse threads, but practi¬ 
cally impossible for fine threads. 

(f) Thickness or feeler gauge: This gauge reads 
from .0015 to .025. It is very useful in checking 
the opening between cylinder and barrel on re¬ 
volvers, and a number of other places in gun work. 

Hammers —As you will need so many different 
hammers, you will find that it pays to make these 
as the needs arise. A light hammer is the most 
useful, so of course you must have one; then you 
must have the heavier machinist’s hammer for 
forging, and a hammer with a copper head. The 
last can be made easily, and is necessary for re¬ 
moving dents from shotgun barrels and other wnrk 
that might otherwise be marred. Make a fiber 
hammer for use on polished surfaces by securing 
a % inch thin brass tube V/o inches long and 
inserting a piece of round fiber, letting the fiber 
project from each end of the tube % inch, and fit 
to a handle. 

Indicator —This is only necessary when you 
reach the advanced stages of metal work. It is 


used to get work in balance and to run perfectly 
true in the lathe or to check the true surface on the 
laying-out plate. 

Ladle —A small-size ladle is necessary for melt¬ 
ing lead for many purposes, such as making bullets 
or vise jaws, and hardening springs. 

Lathe —This is one tool that is absolutely neces¬ 
sary for a great deal of important work. It is 
rather expensive for beginners, but a number of 
small motor-driven lathes are now available at 
reasonable cost. 

Lathe Dogs —These are most satisfactory when 
made by oneself. They are used only on lathe 
work and for driving work between centers. 

Matting Tools —These are used for matting 
ramps, sight bases, ribs, and for borders in fancy 
checkering on pistol grips and forearms. They can 
be bought from a jeweler’s supply house (name 
given in Directory), but for ordinary matting you 
can easily make your own. The operation may 
seem puzzling at first, but after you have become 
accustomed to their use, it is very simple. Taper' 
one end of a square drill rod, file out the end 
with a small fine slitting file just as you would 
checker a stock, only have the teeth come up 
sharply. Harden and draw the temper to a very 
dark straw color. 

Mallei —The novice must have at least two mal¬ 
lets made—one of rawhide, the other of wood. The 
rawhide mallet is the most serviceable, as you can 
use it in metal work as well as in wood work. 

Micrometers —This is one of the most essential 
measuring instruments and a tool which can not be 
overlooked in the craftsman’s collection of tools. 
Nor is there any economy in the purchase of a 
cheap one, for in gun work measurements are 
required as small as one-ten-thousandths of an 
inch. It would be best to buy either a Brown & 
Sharpe, or Starrett micrometer, graduated to read 
ten-thousandths of an inch in 1 and 2 inch sizes. 
The I inch micrometer has a measuring range from 
0 to 1 inch by thousandths on the sleeve and thim¬ 
ble scales. With the vernier scale which is on the 
sleeve, readings in onc-ten-thousandths can be 
secured. The thumb-piece on the end is provided 
with a click for securing the correct measurements 
with uniform tension. Many mechanics have a 
touch so sensitive that the end thimble is seldom 
used, but for the beginner it is well to secure the 
necessary practise. 

There are other measuring instruments made, 
such as the vernier caliper, and height gauge with 
the vernier scales for setting to the correct meas¬ 
urements, but these are not necessary until- you 
have advanced to special experimental work- Such 
instruments are also expensive. 
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Fig. 12 


Barrel-muznl© reamer 


Muzzle Reamers —These are made for crowning 
or finishing the muzzle of a rifle barrel. Great care 
must be taken in the operation, for accuracy de¬ 
pends very largely on how perfectly the bullet leaves 
the muzzle. The proper method is to use a barrel 
plug and true the outside perfectly in relation to the 
bore, and then crown the end with a specially 
ground lathe tool to the correct radius. Not all 
amateurs are so fortunate as to have a lathe, so 
one must make a special tool, as shown in Figure 12, 
which may be used in the drill press. In using this 
device have some one revolve the press by hand so 
that you can use both hands in order to apply the 
proper pressure. It can also be done by using it 
in a hand brace, but one must make sure that the 
cutter does not chatter while revolving. A good 
plan is to have a local machine shop turn up a 
blank as shown and then file it so that there is a 
Vie-inch cutting edge, and have the cutting edges 
slightly beveled in opposite sides. Harden and 
draw the temper to light straw color. Have the 
cutting edges very sharp. The pilots of these tools 
must be stoned or, better still, ground to the exact 
bore of the rifle. If they are not ground they must 
be lapped so that there are no tool marks what¬ 
ever, for a rough pilot will ream out the rifling. 
Great care, therefore, should be shown in making 
these cutters perfectly smooth and true. 

Magnifying Glass —A very handy and inexpen¬ 
sive instrument for the inspection of surfaces, 
muzzles, etc., as a means of detecting any scars on 
surfaces, and for inspecting the cutting edge of a 
honed reamer. Figure 13 illustrates one that can 
be made; but first purchase a standard jeweler’s 
glass and set it into the holder shown. 


Miter Box —A trough-shaped form for holding 
work and directing the saw when cutting squares 
and miters. A satisfactory miter box is easily 
made, but if you have to do very much inletting, 
it would be well to procure the Perfection Iron 
Miter Box, since with this you can get any angle 
required. 

Oilstones —It is well to have all shapes and sizes 
of oilstones, buying them as you need them. One 
that is necessary is the 3 x 2 x 1 inch combination 
of India and Wachita for honing wood-working 
tools. The coarse Tndia will he found exactly right 
for cutting the hardest steel with ease, and the 
Wachita insures a keen lasting edge. This stone 
finds its greatest use in sharpening wood-cutting 
tools. 

You will also require a lily-white Wachita 
6x2x1 inches for the final sharpening. A car¬ 
borundum slip-stone with a round edge for sharp¬ 
ening gouges, radius tools, and carving tools will 


/ALUM N JM FRAME 
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Fig. 13 

Magnifying glass and holder 
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Fig. 14 

Shapes oi oilstones 


also be needed. Carborundum and aloxite stick 
may be had in square, triangular, half-round, 
round, and pointed. These come in three different 
grades fine, medium, and coarse grits. The Pike 
India oilstones can be had in a great many odd 
forms and shapes. There is also the Arkansas 
stone in two grits, hard and soft. For the finest 
work the hard Arkansas stones are best to put the 
final finish on a hardened surface, such as sear and 
trigger work, reamers, and cutting tools. The vari¬ 
ous forms are shown in Figure 14. 

Oil Cans —One or two of these are necessary. 

Pans —Small tin pans are handy for the recep¬ 
tion of parts when rifles or shotguns are taken 
apart. Suitable boxes may be used. 

Parallels —Inexpensive parallels can be made 
from cold-drawn steel 6 to 7 inches in length in 
the following sizes: 


% x \\ inch; \\ x % inch; % x % inch; % x 
% inch; % x % inch; % x 0/4 inches. These are 
very necessary to lay out work on the surface plate, 
such as sight bases, ramps, telescope blocks, and 
a number of other articles. When it comes to fine 
precision work, only hardened and ground paral¬ 
lels must be considered. 

Plates —These come under the heading of bench 
and angle plates, surface plates, dowel-pin plates, 
lapping plates, and cast-iron plates for truing oil¬ 
stones. 

(a) Dowel-pin plates: Figure 15 shows how these 
are made. 'Phis is one of the most useful tools for 
the wood-working bench and is usually perma 
nently fastened to one end of the bench. When 
you have holes drilled and reamed from }/ Ui to 
3 A by %o and inches you can make a dowel- 
pin by sharpening the rough dowel nearly to size 



Pig. 15 

Dowel-pin plate 
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and then forcing it through the required-size hole. 

(b) Lapping plates: These are used to lap a 
true parallel surface. While not necessary for the 
beginner, as he advances into fine precision work 
he will require two of these plates, one of iron and 
one of lead. The one of cast iron should be 1 x 10 
x 10 inches with the surfaces perfectly true, one 
side checked about % inch apart, and charged 
with fine abrasive. The lead lapping plate is made 
on a cast-iron base 1 x 10 x 10 inches with a num¬ 
ber of holes drilled in the surface about % 6 deep, 
then boxed in on all sides and a 50-50 mixture of 
lead and tin poured until a *4-inch thickness is 
built up from the surface of the cast-iron plate: 
this is then planed off smooth. You then have 
a lapping plate that you can use for fine abrasives 
nnlv. using the emery or dry rouge on the lead 
plate to secure a very high finish on a surface. On 
the cast-iron plate, use the finest emery and olive 
oil. 

(c) Oilstone plate: A cast-iron plate 1 x 10 x 10 
inches is planed off to a smooth surface and used 
to true oilstones as they become worn to an uneven 
surface. It is impossible to do your best work 
with uneven oilstones or stones which have become 
clogged from use, so you must true up your stones. 
Use from 90 to 120 carborundum and water. This 
cuts the surface of an oilstone very fast, and in a 
short time you have a perfect stone again. 

Planes , Wood-working —These come under the 
headings of block, jack, smoothing, and rabbet 
planes. All of these are used in stock and cabinet 
work, and of course every one is more or less fa¬ 
miliar with the jack plane, block and smoothing 
planes from their general use in all wood work. 
Get these three to begin with, and if you can pick 
up some of the old-time wooden planes our fore¬ 
fathers used, add these to your collection. Some 
work is still best accomplished with these. Their 
use in stock work will be discussed in Chapter IV. 

(a) Rabbet planes: As a general rule there is 
very little call for such a plane in stock work, but 
for special jobs outside of stock work there is often 
a place for it. A router plane is a plane-like tool 
under that name. This is used for surfacing a flat 
bottom when you wish to put in an inset as on the 
forearm, or to rout out a channel where you wish 
to place a special insert. This plane saves a lot 
of time. 

(b) The spoke shave: You will find this tool 
one of the most useful in stock work. There are a 
number of different forms of spoke shaves, and you 
will readily become familiar with their use. They 
arc inexpensive and a variety will add to your ease 
in working. If they are kept at a keen cutting 
edge they will enable you to form up a stock to far 


better outlines than with a wood rasp. There is a 
spoke shave of orange wood called the “Little 
Wonder” made by W. Johnson, of Newark, New 
Jersey; the stock is of wood and is perfectly shaped 
to get around odd forms; the cutter is of good 
steel, and you can maintain a good cutting edge at 
all times. If the blade should become loose in the 
handle, all that is necessary to tighten it is to place 
two wood screws against the tangs of the cutter 
which goes through the handle. Stanley also makes 
different forms of iron spoke shaves, and these can 
be added when the need arises. The chapter on 
stock work explains the use of these in detail. 

Punches —These come under the headings of 
prick punches, center punches, drift punches, nail 
punches or nail sets, and wood punches. 

(a) Center or prick punches: The best punches 
are those you make yourself from worn Swiss 
needle files. You can use both ends, making them 
in about three-inch lengths, ground round, and the 
temper drawn to a purple. The next best center 
punch is of a smaller size and made from dental 
burrs. Altho these burrs are small, they are con¬ 
venient for laying out where fine center marks are 
required. As it is not necessary to draw the temper 
on these, you can grind up at least six and place 
them in a block. Of course you can buy center 
punches such as the Starretts’ automatic adjust¬ 
able-stroke center punch, but the ones you make 
yourself arc the best. You will also need a one- 
quarter-inch center punch, and this can be made 
of drill rod, hardened and the temper drawn to a 
blue. 

(b) Drift punches: These can also be made of 
V\ and inch drill rod, from Vic to % inch 
ends. You can have your local machine shop make 
a set of these. It is also a w ise policy to have two 
of each size, as you break them often. For the 
smaller sizes, dental burrs are the best as they hold 
up very well. You will find that dental burrs play 
a large part in gun w'ork, so the next time you go 
to your dentist, ask him if he has a box of burrs 
that have become too dull for him to use any 
longer. 

(c) Nail sets, or nail punches: A set of these 
can be bought very reasonably. Have them an¬ 
nealed and the ends turned down for a length of 
about 1 inch. Reharden and draw the temper 
to a blue, and polish out the cupped end. These 
punches are required to drive the round-headed 
pins out of fine shotguns, as a cupped punch of this 
nature does not mar the ends. 

(d) Wood punches: These punches have cupped 
ends made from and Vi inch drill rods—the 
cutting edge made sharp by tapering from the rod 
size back about inch to the desired size you wish 
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to make the point. The sizes are from V 16 to Vt 
inch in %•>. Such punches arc used to make a 
beaded border on fancy checkering and in a number 
of places to improve the design of wood carving. 

Polishing Wheels —If you have a buffing head or 
intend to use one side of your Apex electric grinder, 
you will find it necessary to procure the following 
buffing wheels, 8 x 1 x V*> inch hole: muslin, cotton, 
flannel, woolen, felt, chamois, buckskin, leather, and 
sheepskin. Also get an Utility Electric Motor and 
a small set of polishing wheels, as the list shows, to 
polish small parts. 

Tap Wrenches —Add these to your list along with 
the wrenches to take the different sized taps. 

Pliers —Go to any hardware store and pick out 
a number of different kinds. You will find them 
very necessary. 

Reamers —Under this heading come hand reamers, 
taper-pin reamers, rose, chucking or machine 
reamers, English broaching reamers, chambering 
reamers, expanding reamers, counterbores, and 
burnishing reamers. 

You will find that a number of years are re¬ 
quired to collect all the reamers needed. Of course 
it is possible to purchase a great number of reamers, 
such as the standard sizes, still these are not satis¬ 
factory, as the relief is ground on these reamers 
for the every-day needs, while to obtain the most 
satisfactory results you must stone a reamer to the 
cutting edge to get a perfectly reamed hole. I 
make most of my reamers and have a good many, 
yet not a day passes that I do not need a new one. 
Here I shall only skim over the reamers and their 
purposes; in a later chapter I shall go into detail. 

(a) Eland reamers: These can lx* had in sizes 
as needed. They come in sets from to 1 inch 
and you will find very little use for the large sizes 
in gun work. They can only be used by hand, 
using a tap wrench to pass them through the holes. 
Never use this form of reamer in a machine such 
as a drill press or lathe. 

(b) Taper-pin reamers: This class of reamer 
has a taper of % inch per foot or .0208 inch per 
inch. There are two classes of these reamers, one 
for hand use and the other for use in a drill press 
or lathe. The hand reamers are those required by 
the gunsmith and come in sizes from '000 to '13. 
They are so proportioned that each overlaps the 




Fig. 16 

Taper-pin reamers, straight and spiral fluted. The latler 
produces superior results 


size smaller about l /> inch, so the necessary set is 
from 2000 to 28. I-'igure 16 illustrates the two most 
generally used. 

(c) Rose chucking or machine reamers: Only 
buy these as you need them, for in time you will 
make a set. Purchase the size near the particular 
size required, then grind it and stone the cutting 
edge so the hole comes to the desired size. Shown 
in Figure 17. 



Fig. 17 

Machine reamer 


(d) English broaching reamers: This is the type 
of lapered reamer used by watch makers and 
jewelers. They come in smaller sizes than the 
taper-pin reamers, so gel a full set of these. They 
not only come in handy whpre it is necessary to fit 
a small tapered pin, but to ream out sight aper¬ 
tures to any desired size. William Dixon of Newark, 
New Jersey, carries a full line of such tools. 

(e) Cherries: These arc used for making bullet 
moulds and must be made specially when you have 
an idea for a new form of bullet or for a special- 
size round bullet. 

(f) Barrel reamers—chambering reamers and 
burnishing reamers: A chapter on barrel making 
in the second volume deals with these. 

(g) Expanding reamers: In this type of reamer 
the flutes arc slotted and have either a taper pin or 
nut on the end to expand the flutes. It is very 
seldom used in gun work, and besides is very ex¬ 
pensive. One is illustrated in Figure 18. 



Fig. 18 

Expanding reamer 


(h) Counterbores: Counterbores are used to 
make a flat-bottomed hole. They have a pilot to fit 
a drilled hole, so that the counterbored section of 
the hole will come perfectly true with the drilled 
hole. They are used in connection with fillister- 
head screws and a number of other purposes in 
gun work. This tool must also be made, as you 
cannot buy the sizes required. A flat-bottomed 
drill, ground up, will answer in a number of cases 
where I he work is not too particular. Counterborcs 
are used in a number of places on stock work where 
a counterbored hole is required to fit insets of buf¬ 
falo horn, ivory, ebony, where a drill so used would 
break out slivers, an accident which must not hap¬ 
pen on a finished stock. You will find that counter- 
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bores are like reamers. It requires a long time to 
collect a set. Figure 19 shows a standard coun¬ 
terbore. 



Fig. 19 
Counterbore 


Rules or Scales —These come under the headings 
of steel scales, flexible scales, boxwood rules, etc. 
Everyone is familiar with this form of measuring 
instrument. Purchase one 6-inch and one 12-inch 
flexible-scale rule graduated in sixty-fourths and 
hundredths. Also one heavy yardstick and a five- 
foot folding rule to measure any desired length. 
The 12-inch flexible rule can be used for laying out 
checkering and other laying-out work, also to se¬ 
cure lengths or distances to space telescope blocks; 
in fact, these two scales arc used more than any 
other measuring instrument. 

Smvs —Under this heading are band-saws, hack¬ 
saws, jewelers’ hack-saws, coping saws, etc. For 
the wood-working department you will need two 
hand-saws, one rip-saw, and one cut-off saw. In 
metal work you will need a hack-saw measuring 
about 12 inches. There are many different kinds 
of hack-saw frames and it is best to suit your own 
taste in this respect. However, be sure to obtain 
the best, as a hack-saw plays a great part in the 
gunsmith's trade. Buy only the best blades, such 
as the Atkins silver-steel blades with teeth from 20 
to 32 per inch, the fine teeth for thin metal and the 
coarse teeth for wood and steel. Also get a 
jewelers’ hack-saw frame with a large selection of 
blades. These blades only cost 10<* per dozen, so 
have a dozen of each grade on hand. A coping 
saw is also very useful in wood work, and these arc 
very reasonably priced. 

Scribcrs —The best ones arc made from dental 
burrs by grinding a very sharp point on one of the 
small burrs; then stone the point to a sharp edge, 


and make a small round handle from either ebony, 
fiber, or buffalo horn. The ones you buy are much 
too heavy and your lines will vary when taken 
from a straight edge or scale. A very good knife- 
edge scriber can be made from a worn hack-saw 
blade by grinding off the teeth and grinding the 
end to an angle similar to a fur-cutters knife, and 
honing it to a keen edge. This is used in laying 
out lines on wood work, such as you lay out for 
the beginning of a stock. 

Straight Edge —Figure 20 illustrates a straight¬ 
edge. These can be made of thin hard wood. One 
of their uses is to determine the amount of drop 
and pitch of a rifle. This is easily measured by 
fastening a thin piece 10 inches long transversely 
at one end. 

Scratch Brush —This is used to prepare surfaces 
for the bluing operation and is obtainable at gun- 
parts supply houses. See Directory. 

Screw-drivers —These are among the most essen¬ 
tial tools, so by all means have a good supply, 
ranging from the small jeweler’s screw-driver to a 
large long one for removing butt screws, such as 
hold the action to the stock in Remington, Ballard, 
and Winchester rifles. 

The best screw-drivers are those made from 
octagon chisel steel, short in length and with a 
large file handle attached. Very good ones are 
also made from drill rod, but when it comes to 
strength, the octagon chisel steel holds up best of 
all. Spend a day making up a good set, such as 
Figure 21 illustrates. You will find that it pays 
in the end, for screws that are put in at the factory 
are very tight and their removal requires a driver 
properly fitted to the width of the slot. If it does 
not fit and the driver should slip, the result will be 
a badly marred head. You will find that on all 
shotguns the screw slots are very narrow and the 
screws very tight. These screws have been set up 
with a screw driver bit used in a brace. You must 
then make a set of these from octagon chisel steel 
with the end filed to fit the screw and without any 
taper, for when you taper a screw-driver bit it 



Fig. 20 

Straight-edge for checking pitch o. rilles and shotguns 
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causes considerable spring when pressure is put on 
the screw, so the best is a short untapered end. 
When pressure is applied with the brace, the screw 
starts at once. 

Screw-drivers of all kinds can be obtained from 
hardware stores, but if you buy these you will find 
that they are not suitable for gun work, so by all 
means make your own. When you become ac¬ 
customed to the use of screw-driver bits you will 
use them at all times for the starting of all guard 
screws, large-size shotgun screws, and other screws. 
Experience will teach you to respect screws that 
look doubtful and that require more than the ordi¬ 
nary handled driver to remove. 

Spring Winding Tool —This is made from an old 
worn ten-inch flat mill file. Chapter XXI, Volume 
II, is devoted to the making of springs and explains 
and illustrates the use of this tool. 

Steel Letters and Figures —Sets of letters and 
figures in Vi«> %2> and Yh inch sizes are very 
handy and should be included in the list of tools 
for stamping names and numbers on parts. 

Scales (Weighing )—A trigger-testing scale is re¬ 
quired to calculate the pull of either a revolver, 
pistol, shotgun or rifle. A. G. Parker of Birming¬ 
ham, England, makes the best. Also include an 
XLCR scale which weighs from 1 to 25 pounds. 
This will tell you just what the weight of a fire¬ 
arm is. 

Stools —One or two wooden stools made to the 
proper height are necessary at times when you have 
bench work which is done more conveniently while 
sitting down—such as laying-out work. 

Squares —These come under the headings of 
combination squares, die-makers’ squares, tri¬ 
squares, and solid steel squares. 

(a) Combination square: Get this with two 
blades, one a 12-inch blade and the other a 24- 
inch blade. The center head and bevel protractor 
are also very useful in all classes of work. When 
certain distances are required, these heads can be 
clamped at any portion of the scale; the center 
head can then be used to find the exact center of 
a round bar, and the bevel protractor used to lay 
out or check angles. 

(b) Die-maker’s square: This is small, but the 
most useful of squares. It has four blades 
inches long: a standard blade, graduated in thirty- 
seconds and sixty-fourths; a bevel blade with an 
angle of thirty and forty-five degrees; one narrow 
blade, and one offset blade. 

(c) Try-squares: The gunsmith requires one or 
two of these, one small-size for checking work in 
small places, and the other 4x6 inches. 

(d) Solid steel square: This is also a square for 
which two blades are required, one 3x5, and a 


small knife-edge square to check work with the 
larger square. These tools are especially necessary 
in metal work. 

(e) Carpenter’s square: One with a six-inch 
blade for squaring actions and laying out stocks. 

Tongs and Tweezers —These are essential and it 
is well to equip the forging section of the shop with: 

1 pair S V> inch folding tongs 

1 “ 12 or 14 inch bent crucible tongs 

1 “ 14 or 16 inch bent crucible tongs 

1 “ 14 or 16 inch bent steel crucible tongs with 

ring 

1 “ 14 or 16 inch forging tongs 

1 “ disc tweezers 

1 14 hawk-bill tweezers 

1 “ three-leg tweezers 

1 “ round-pointed tweezers 

1 “ flat-pointed tweezers 

1 44 locking tweezers—to hold small screws while 

placing them into position 

1 “ small blunt-pointed tweezers—to pick up 

small screws, etc. 

Templets —Templets are made when you have a 
considerable amount of repetition work in the pro- s 
duction line and wish to save time in laying out 
certain parts, especially when more than one person 
works on that operation. A templet is necessary in 
all classes of die work before you can get the ulti¬ 
mate form that the die is to produce. For instance, 
i i you were to make dies for a butt plate, the first 
die you would make would be the forming die to 
produce the proper length, width, and form you 
wish the plate to assume. You would then make 
the necessary try-outs on your forming die until 
you had the correct form. From each piece you file 
out you would scribe off the outlines on another 
piece of metal until you have the perfect form. 
This would be filed out and used as a templet to 
make the blanking die. Tn certain operations on 
gun work, small templets are made to serve as 
depth gauges, radius gauges, and odd forms where 
measurements cannot be made. Templets are made 
from thin steel or spring brass stock on which it is 
easy to follow the lines. These will be shown and 
their use described in other chapters. 

Utility Electric Motor —This is a handy and 
inexpensive motor for small polishing work. It will 
also be useful in driving small Millers Falls polish¬ 
ing heads. 

V-Block$ —A set of these is very necessary in 
gun work and plays an important part in a hun¬ 
dred and one different ways. Both Starrett and 
Brown & Sharpe list these in their catalogs. 

Vise —A workshop is not complete without a 
good vise, and you should have the best. Tt must 
be of the swivel type and have 3% or 4 inch jaws. 
The Reed vise costs about $17 and is excellent. 
The Penn, $524, 4-inch vise, swivel base, is also 
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good and a little less expensive. Also secure a 
Yankee Drill Press vise A990. This will hold only 
small parts, but it has a V-notch in the back of the 
jaw to hold round stock, and the movable jaw has 
a swivel plate to take tapered work. You will also 
find in working on small metal parts such as sight 
blades, shotgun triggers, small springs, etc., that it 
is possible to clamp this vise in your large vise and 
then work on small metal parts much more con¬ 
veniently. Also secure a Jacobs JJ1 drill chuck, 
having the shank turned straight, as this holds all 
small round pins and screws from up to % 
inch, and is handier than the advertised pin vises 
which arc required in various sizes to hold the dif¬ 
ferent sizes of round stock that you will work on. 
These arc all the vises you will need in the begin¬ 
ning, but you will find that as your work increases 
you will necessarily add others. 

Vise Jaws —The jaws of a vise are roughly 
checkered and tempered, and if you were to hold a 
piece of finished work in them, the impression of 
the jaws would disfigure it; so it is necessary to 
make up false jaws, such as vise blocks, lead jaws, 
copper jaws, and leather-faced jaws. Figure 22 
shows the different jaws necessary for both wood 
and metal. 

Other vise damps may be made of pieces of old 
leather bell upon which a little beeswax has been 
spread. 'These, when placed between the jaws and 
forced together, will adhere to the vise. A very 
handy fixture can be made from a barrel stave or 
thin piece of gum wood by cutting out the center 
for the beam of the vise to straddle, letting it ex¬ 
tend from five to six inches. Make two tapered 
pieces for the ends and either nail together or place 
a Vi-inch machine screw through to hold together 
and tighten; glue thin pieces of leather to the face. 
'This false jaw then has enough spring to release as 
the vise is opened. 

Also make two sets of vise-blocks and glue from 
Vi to V^-inch white felt to face of the wood. These 
are for barrel and stock work, as the soft felt ab¬ 
solutely protects the finished parts and prevents a 
finished barrel or stock from being marred, and yet 
the vise can be tightened sufficiently to hold while 
working. Also have a pair of false jaws made from 
cast brass and drill indentations to various depths 
to hold screws or rods without marring them. 
Wooden jaws should also be made to hold odd¬ 
shaped parts such as are found on shotguns. As 
time advances you will find a large collection of 
the wooden jaws on hand, and will have gained 


considerable experience in holding work properly 
in a vise. 

Welding Outfit —This conies under welding and 
brazing, which are discussed in Chapter XXVI. 

Wrenches —Old percussion-lock guns which have 
a nipple require a nipple wrench, so if you are a 
lover of these it will be well to have this type of 
wrench on hand. Also have a 15-inch Crescent 
wrench to remove barrels and lighten them into 
receivers. 

This list of tools has not been compiled from 
conjecture or from a hardware catalog, but from an 
actual list of tools used during the course of many 
years' work on firearms and general shotgun prac¬ 
tise. including gauge making, tool making, die mak¬ 
ing, instrument making, etc. To the beginner this 
list may seem extraordinarily long, and a discour¬ 
aged attitude on his part may result, for he may 
not realize what a great part even some of the 
simple tools will play. The advanced student, on 
the other hand, may think there are several im¬ 
portant tools lacking, but as he progresses into 
Volume II the mechanical art of tools will be ex¬ 
plained more extensively. 

I do not expect the beginner to buy all the tools 
on this list at one time; on the contrary, I would 
suggest that he secure only the work bench and 
vise. Decide upon just what you want to do and 
the tools required for that particular project. Then 
make an effort to acquaint yourself with the tools. 
Read over this chapter until you are thoroughly 
familiar with it, and obtain a number of the cata¬ 
logs listed in the Directory; this will give you a 
general idea of the expense to be encountered in the 
layout. By all means do not attempt your first 
work upon some finished arm, but invest in some 
of the old firearms in Francis Bannermaivs cata¬ 
log at prices from $1.50 to $5.00, or even upon 
some simple piece of wood. 

The novice has a tendency to jump into a new 
hobby with such enthusiasm that he is ready to buy 
anything and everything pertaining to it. This is, 
however, most unwise, inasmuch as one is apt to 
purchase many tools that will prove of little or no 
value later on. In considering the use of wood¬ 
working tools we must form ideas and study their 
purpose with reasonable judgment, so naturally it 
is best to purchase these as needed and advance 
with some definite plan in mind to greater needs 
and additional tools as necessary, so that our finan¬ 
cial resources will not suffer. 
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Special Home-made Tools and Equipment 
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T HE gunsmith, to be able to carry out all work 
successfully, must construct various special 
tools or fixtures and purchase others if he is to 
make this work a pleasurable and profitable means 
of spending what might otherwise be idle hours. 
Man is known as the “tool-using animal,” but how 
many of us can use our hands to advantage to cre¬ 
ate articles for our own needs? Your schooling has 
taught you to do things in certain ways and by 
certain rules, but at times these teachings must be 
thrown aside and you must turn to originality and 
create the part suited for the occasion. This chap¬ 
ter is designed to enable the beginner to carry out 
the most essential undertakings; after having set 
a place aside for a workshop and getting together 
some of the most necessary tools, other equipment 
will be explained as each need arises. 

The trade of a gunsmith, shotgun or rifle maker 
calls for many tools which cannot be purchased, 
and when manufactured by an outside concern these 
usually cost far more than if made by yourself. I)o 
not construct a number of makeshift contrivances, 
using a nail here, a piece of wire there, and so on, 


even tho an enforced makeshift is required in many 
instances. These are often only steps toward new 
labor-saving devices; but discard the makeshift as 
soon as possible and construct one which will be a 
credit to your ingenuity—and do so before anyone 
can accuse you of being shiftless. A gunmaker is 
constantly making devices for his different needs 
as they present themselves, and if the information 
contained in these chapters is carefully studied 
many of your problems will be reduced to a mini¬ 
mum. 

Chapter I contains a thorough description of 
various tools. This chapter will deal with our tool 
problems a little differently, and will consider a few 
that are non-essential but can not be dispensed 
with conveniently. 

Checkering Stand and Cradle — Figure 23 il¬ 
lustrates a checkering stand which, for the present, 
we shall class among the non-essentials. A check¬ 
ering cradle can be fastened to the end of a bench, 
used, and then removed and put away until it is 
needed again. But if a well organized workshop is 
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Bench or stand for checkering cradle 
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being striven for. a stand should be made, and 
fastened to the floor in a pleasant location near a 
window, where not only good light is available at 
all times, but where it is possible to gaze in the 
distance to rest the eyes when they become tired 
from checkering. After the student becomes ac¬ 
customed to the use of a checkering cradle and 
stand, he will place them in the most essential class, 
fur they are not only used for checkering but to 
sandpaper stocks and to apply the different rubbing 
preparations and oil. It will be surprizing to see 
how many operations such an inexpensive fixture 
will be called upon to perform in the course of all 
the stock work. A stand and cradle, even tho not 
in use, give the shop an atmosphere of a gunmaker’s 
establishment and are the emblem of his art. 

Figures 24 and 25 illustrate two checkering 
cradles. The simplicity of Figure 24 will enable 


can be made from 2x2 inch timber, and the 
ends constructed from heavier material with com¬ 
mon machine bolts filed down on the ends for cen¬ 
ters. Adjustments can be made by nuts on each 
end of the bolt. Holes can be bored certain dis¬ 
tances apart for the required length of stock to be 
used. With such adjustments it is possible to 
clamp it solid in the position required. The cradle 
can be used in a vise, altho a bench has been illus¬ 
trated; but unless you have a number of stocks to 
checker, this is hardly necessary'. In any case, it 
is wise to make one of sound construction. The 
drawings arc sufficiently detailed to follow without 
difficulty. 

Figure 26 is more complicated and a much better 
cradle to use for stock work. The frame holder 
is made from common angle iron with a steel plate 
attached to the bottom, and this in turn is fastened 
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Checkering cradle for the amateur's conitrudlcn 


the student to construct it from almost any mate¬ 
rial at hand. The adjusting screws can be plain 
j4-inch bolts without handles; the heads of the 
bolts can be drilled and pins inserted which serve 
quite as well as the wooden handles. The frame 


to the stand. If an angle iron is not available, the 
frame holder can be made of hardwood in two 
pieces, with the center cut out to receive the cradle. 
The cradle width is reduced to two inches, allowing 
Y* inch on each side of the frame holder where thp 
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Improved checkering cradle for the amateur 


cradle is clamped by the cross bolt. Even when 
the holder is made of angle iron, a two-inch width 
of cradle may still be used instead of the heavy 
member shown in the illustration. The angle 
brackets A can be bent from % x % inch cold- 
drawn steel, and as there is a tapped and a plain 
drilled hole on each end of the bracket, these may 
be reversed when a longer stock is encountered, 
thus providing a greater length between centers. 

Figure 25 shows a simple form of cradle on the 
same principle as the first one. In the following 
chapters many uses for the checkering cradle will 
be indicated, and you will discover others for your¬ 
self. These forms are offered here to suggest to 
the beginner what may be done, not only in design¬ 
ing a cradle, but in devising other aids to accuracy 
and the simplification of difficult work. 

Checkering Tools — After studying Figure 3 
you will see that there are a number of ways in 
which checkering tools can be made. One of the 
best tools to construct is the one shown with sep¬ 
arate cutters which screw together; with this it is 


possible to sharpen the inside cutting edge as well 
as the outside. 

They can also be adjusted to any desired width 
or spacing. Our present checkering tools only cut 
with the outer teeth. These are easy to make, and 
produce an exceptionally fine checkering pattern, 
but when two separate blades are made and screwed 
together we have one of the best checkering tools 
that can be constructed. 

Border tools can be made in a V form, radii, V 
and radii, or on an angle. Generally these tools are 
only for experimental purposes, for the best check¬ 
ering has no border at all; and after you have be¬ 
come expert, you will find that you can reach the 
lay-out lines without any run-overs, and the border 
tools will be laid aside. 

The English type of checkering tools shown in 
the same illustration are excellent. They are usu¬ 
ally made with the single cut, and after one be¬ 
comes accustomed to them very good work can be 
produced. Examine the checkering on a fine British 
gun and you will see that the diamonds are perfect 
and sharp. Such checkering was produced by one 
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of these tools. In the end. after summing up the 
merits of different checkering tools, you will find 
these the best. 

Motor Grinders — These are among the most 
essential parts of any shop where mechanical work 
is performed, for they arc called upon more times 
throughout the day than any other machine. The 
beginner should manage, if possible, to have some 
kind of a grinder, even if nothing better is avail¬ 
able than an electric fan motor. Small cloth, 
leather, felt, and wooden discs with sandpaper at¬ 
tached are almost indispensable at times. Any in¬ 
vestment you make in this equipment will pay for 
itself many times. There are many electric motor 
grinders on the market costing from $30 up. It 
is impossible to list them all, but a good selection 
may be obtained from machinery-supply or mail¬ 
order-house catalogs. Figure 27 illustrates a Black 
& Decker bench grinder. 

All these small reasonable-priced grinders carry 
two emery wheels and arc usually of the ball-bcar- 
ing type; one emery wheel can be removed and this 
side used for polishing and buffing. These grind¬ 
ers are small and compact and may be conveniently 


placed on the end of the bench. At an additional 
cost, they arc furnished with cast-iron floor ped¬ 
estals; these are usually preferred, as they leave 
the end of the bench free and clear for other pur¬ 
poses. On all the small grinders, the shafts are 
inch in diameter; therefore, all holes in the polish- 



Fig. 27 

A portable bench grinder is indispensable in the small 
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ing wheels or discs must be of this size and a free 
but perfect fit, or too much vibration will result. 
The grinders are equipped with movable guards 
and a tool rest, which can be conveniently adjusted 
to heights; on some it is possible to get various 
short angles. With the emery wheels removed, it 
is possible to use wire or cloth buffers and sand¬ 
paper discs for dressing rubber recoil pads. Various 
uses for the grinder will continually occur. By 
using different-shaped emery wheels with thin, 
rounded, or bevel edges, it is possible to grind out 
places on hardened parts which would ordinarily 
require annealing and the use of a file. 

Fine circular steel wire wheels are the secret of 
all fine bluing on firearms; they not only card off 
rust during the bluing process, but also burnish 
the barrel. A fine wire buffing wheel should be 
used only for the bluing operation; when first 
purchased it should be boiled in strong lye water 
to remove all traces of grease, and then rinsed in 
clean boiling water. Should the fine wire show 
evidence of rust, it indicates that there is no grease 
or oil on it to spoil the bluing. Other fine wire 
wheels should be used to remove rust from gun 
parts and to burnish nickel-plated revolvers. It is 
surprizing how one of these wheels will clean up a 
spotted barrel when small rust spots have formed, 
particularly on fine shotgun barrels. 

Muslin buffing wheels are also required on the 
grinder. The 8" diameter is used for polishing. 
The sewn wheels are classed as “hard" and the un¬ 
sewn as “soft.” Keep a number of these wheels 
on hand, as well as the different polishing com¬ 
pounds, such as Tripoli, rouge, Vienna lime, emery 
paste, etc. Others may be surfaced with fine emery 
for the breaking-down process before the other 
compounds are used for a final polished surface. 

Wooden wheels should be made from hardwoods 
such as maple, cherry, or beech. Scribe a circle of 
the desired size, and with the ^ 2 -inch wood bit, 
bore out the center for the shaft, and saw the out- 
side of the circle. Clamp it on the shaft and true 
the outside with a regular turning chisel. A rest 
must be provided so that the chisel can be handled 
more conveniently and will not catch in the wood, 
thereby causing a painful injury. 

Coat the sides of these discs with glue or shellac 
and apply different grades of sandpaper or emery 
cloth, clamping them in place with other boards or 
discs, and allow to remain until completely dry. 
The outside edges arc then trimmed off to the out¬ 
side diameter of the wood. These arc used when 
a flat surface is to be polished; with the coarser 
sandpaper disc, the rubber recoil pads are dressed 
to the outside contour of the stock. 


Special wheels of felt make the finest wheels for 
polishing purposes. They may be used with fine 
abrasive glued to the outside surface or used with 
emery paste, rouge, or Tripoli. Very fine polishing 
wheels arc also made from rubber, leather, etc. 
The leather wheels are used for various shapes and 
forms after being turned in a lathe. 

Another useful accessory is a chuck made so 
that it can be screwed or slipped on the end of the 
grinder spindle and then fastened by a headless 
screw. This arrangement is used to polish small 
pins and to file a number of pins and screws. A 
small firing pin or a bead for a sight can be made 
in this manner. A successful lapping operation can 
also be accomplished by holding the lap in the 
chuck and holding the work in your hands. 

There are various wood laps which can be made: 
square-faced, pointed, round, oval, etc. They are 
also made small in small sizes to polish the inside 
of metal parts, such as trigger guards, where it is 
rather difficult to reach with any other form of 
polishing wheels. These are made in a cone shape 
and screw on the end of the spindles; they should 
project between two to four inches from the end. 
Wooden laps made from hard or soft wood are used 
for polishing steel or any other form of metal and 
general lapwork. The substances used on these 
laps are oil and flour emery, Vienna lime, rouge, 
rottenstone, tripoli, etc. 

Wood Chisels — Often these can be made from 
worn files which have been discarded from machine 
shops; special wood chisels can be forged from 
high-carbon tool steel, and even made from worn 
power hack-saw blades. At times the beginner will 
do much better to forge all the special chisels re¬ 
quired for the stock-making operations and in the 
end will find it much cheaper than purchasing them. 
Of course, you must buy some chisels, but the ones 
you make will be more prized. A study of your 
needs should determine your purchases; for in¬ 
stance, the most-used flat chisels are the narrow 
ones; therefore, purchase Ht l At Ht Ht H inch 
tool steel in 12-inch lengths. 

Tangs are forged on these, and one piece will 
make two chisels, tho shorter ones are sometimes 
required; but when forging a chisel for wood work¬ 
ing, always make two. I am a great believer in 
pairs of tools, for when one becomes dull or an ac¬ 
cident occurs, there is always the second one to fall 
back on. After the tangs are forged, dress the ends 
by heating and forging the cutting portion so that 
there will be less grinding to be done; this also 
gives the steel a more harmonious structure and a 
finer grain. 
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Gouges — The half-round or radius gouges are 
made from drill rod; the diameters used are 
a Ae, %, Via, H, /is, and >4 inch. If there should 
be a shaper or a milling machine in the locality— 
or a friend who is a machinist—they can be milled 
or shaped and the ends turned, as illustrated by 
Figure 5. Of course, the cutting end is also forged 
to nearly half its diameter and then filed; but since 
the tangs must be turned, a machine operation is 
the most accurate means of holding the true radius 
of the rod used. After the end is shaped to half 
its diameter on an angle, the cutting edge is filed 
to a true sharp point, only leaving enough metal 
to stone after the hardening operation is performed. 
A set of such gouges is indispensable in wood 
working, particularly when making a new stock. 

Bottoming Chisels — These tools can not be 
purchased, so they must be made by the student. 
The ordinary carving or small straight chisels are 
not adapted to many operations, especially the in¬ 
letting of shotgun actions into stocks. Bottoming 
tools are made from %cx% 6 -inch tool steel, 
forged and filed to shape. Figure 28 illustrates the 
forms most used to meet requirements. These are 


forging operation is completed and the tang is 
drawn out, the cutting edges are filed to shape. 

All wood-working tools named here should be 
given very careful heat-treatment so that they will 
maintain their keen cutting edges. After the hard¬ 
ening operation, the tools are polished and the 
temper drawn to a purple; then the edges are 
stoned to a keen cutting edge with line oilstone, 
finished with two fine Arkansas oilstones, and then 
stropped. 

Handles must also be provided, and can be made 
from straight-grained maple. They are either 
turned or formed in the shape of a square, similar 
to the old-fashioned handles made by old-time cab¬ 
inet makers. These handles are very simple to 
make and give the beginner practise with wood¬ 
working tools that have been supplied for the shop. 
Ferrules must be purchased for the ends; the heavy 
steel ferrules arc best and arc sold by almost all 
large supply houses. Avoid the thin brass ferrules 
seen on cheaper tools. To remove the plain ap¬ 
pearance of the bright steel, polish and give a c^sc- 
hardening treatment with color. (See Chapter 
XVI, Volume II.) This treatment not only gives 
the ferrules a pleasing color but protects them from 
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Fig. 28 

Bottoming fools 


made to suit the particular job you may be work¬ 
ing on. This is the best way to make all such 
tools, as you can then better appreciate their value. 
In forging these tools, constant heat is required 
throughout the operation, or checks will develop 
in the hardening. Shaping of the end is an up¬ 
setting operation, and this is best done in a vise 
with the flame of a gasoline torch, holding the steel 
rod while the upsetting takes place. After the 


the rust caused by perspiring hands or salt air. 

Screw-drivers — These tools are of the greatest 
importance to the gunmaker, for you can never 
have a set of drivers too well made; and even if 
you should make every known size, you will still 
find a screw slot that the ends will not fit. Figure 
21 illustrates these, and a set of three handles of 
the best design for the gunmakcr’s use. The steel 
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used is the finest octagon or hexagon chisel steel, 
forged, ground, hardened, and tempered. In the 
same illustration are given the sizes of the brass 
ferrules used on the end of the handles. After the 
drivers are driven into the handles, a 'An -inch hule 
is drilled through the ferrule and driver, and a piece 
of % a-inch drill rod is driven in, riveted over, and 
filed flush. This illustration also shows the auger- 
brace drivers which are used to remove screws that 
cannot be started by the hand screw driver. Since 
the points are made close to the body of the steel, 
there is no spring to them, and when placed in the 
brace a tremendous amount of turning force can be 
placed on a screw. This driver will remove the 
tightest screw. 

Most manufactured screw-drivers on the market 
have a wedge effect on the point. When such a 
driver is placed in screw slot and any pressure is 
applied, the wedge part of the point has a tendency 
to back out of the slot and mar the head of the 
screw very badly. You will notice that the ends 
of the drivers illustrated are perfectly straight for 
some distance. For this reason, when such a point 
is inserted in a screw slot, the straight sides have 
perfect bearing surfaces along the two straight sides 
of the slot; therefore, the point of the driver will 
break before slipping out of the slot. Because of 


the straight sides it is only necessary to regrind the 
end straight across. These should be oil-hardened 
and the temper drawn to a blue very gradually. 
The employment of a lead bath for the hardening, 
and an oil or niter bath for the tempering, produces 
the best results; and when completed, the end 
which is inserted into the handle is drawn over a 
Bunsen burner so that a hole may be drilled for the 
keeper pin. The hole bored in the end of the han¬ 
dle is of the same diameter as the flat side of the 
steel, so when the driver is driven into the wood it 
cuts its form into the hole; therefore, no radius or 
rounded surface should be given to the end of the 
driver; only grind off square so it can cut its way 
through the wood. 

Gun Braces — A gun brace or bench horse is 
a bracket made from a heavy piece of wood which 
is fastened to the bench and extends over a distance 
to rest a gun stock on while shaping it. Figure 29 
illustrates one which can be made from any scrap 
hardwood. The height should be made the same 
as the bottom of the vise jaws, so that when a 
stock is fastened between the jaws it will be level. 
The top of the brace should be padded with some 
soft material such as leather or felt, so that when 
a finely finished gun stock is rested on its surface 



surface ©t wood before gluing 
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there will be no clanger of marring its finish. The 
brace is clamped to the bench with one machine 
screw and a wing nut so that it is possible to swing 
the brace in any direction at will. It is often wise 
to construct two of these braces, one on each side 
of the vise. If you should make one for the right 
side of the vise you will soon discover that one is 
needed on the left side also. 

Rifle Holder — Figure 30 illustrates a rifle 
holder for testing purposes on the range. A device 


the form above it goes over the leather to make a 
perfect union as it is clamped in the vise. Tf the 
student does not care to go to all this trouble, one 
can be made from a piece of 1 x 2 x 4-inch cold 
drawn steel with the form cut out on a shaper or 
milling machine, and a piece of leather glued and 
screwed into place. A 4 ’/u-inch hole is drilled 7 /$ 
inch from the end, and a % or *4-inch set screw 
is used for the clamping member. A % G -inch hole 
is drilled in the head of the screw and a piece of 
^ir.-inch drill rod two inches long inserted; other- 



Fig. 30 

Rifle holder for teating purposes 


such as this is an essential part of any rifleman's 
equipment to test and target a rifle in the prone 
position. The %-inch rod is made from cold drawn 
steel about three feet long and pointed at the end. 
The holder is made from a piece of hardwood with 
a clamping wheel on the side. The wooden block 
is split so that it is possible to secure a very tight 
clamping effect on the rod. The rifle form is cut 
out and a piece of leather glued in place. The 
form illustrated on the left-hand side of the draw¬ 
ing is placed on the underside of the block, and 


wise a small wrench would have to be carried along. 
The position of the locking screw on the end of the 
holder makes it very convenient to reach and make 
any adjustment with. 

Tool Holder — A tool holder to grind flat 
chisels, plane bits, etc., is illustrated in Figure 31. 
The simple construction of this holder and the ex¬ 
planation given on the illustration should present 
no difficulties for the student. It is one of the 
most essential tools for the amateur, as he cannot 
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Fig. 31 

Home-made tool holder for bench grinder to grind flat chisel*, etc. 


control the grinding of a chisel on an emery wheel 
without the aid of some fixture such as this. 

Vise Blocks — In answer to the needs of these 
in the gun shop, a few are made in the different 
forms shown in Figure 22. Before a stock or fin¬ 
ished barrel is clamped in the vise they should be 
used. The wooden ones shown with felt glued to 
the face of the blocks are the ones mostly used by 
a gunmaker. They can be made from any hard¬ 
wood measuring % to % inch thick with a piece of 
felt glued to the top surface. A notch is cut out 
on the bottom which straddles the square box of 
the movable jaw. The felt glued to the face of the 
blocks protects the surface and finish of all parts 
clamped between them. 

Lead jaws may also be made, as shown in Figure 
22, together with the mold to cast them. There 
are also false brass and copper jaws for holding 
small metal parts without marring their surface. 
Heavy brass or copper bent over the vise jaws is 
satisfactory for metal work in the jaws of the vise 
where the faces come together. These surfaces are 
cut like a file, or knurled, and then tempered. 


False jaws must be employed, for if the plain 
knurled surfaces of these jaws are clamped against 
any work they will necessarily mar and bruise it. 
Common leather can be glued to these hardened 
jaws, and even beeswax has been used to retain the 
leather in place. A satisfactory leather holder is 
also shown in Figure 22. Two pieces of thin gum 
wood, the width of the jaws, arc used and made 
much longer than the standard wooden jaws, and 
two small blocks are used as separators at the bot¬ 
tom. The two outer pieces are nailed or bolted to 
these, which allows the two ends to spring apart. 
Thin pieces of leather are glued to the surface, and 
the spring in the wood keeps them apart. When 
using these, the spring of the wood follows the vise 
jaws as they are opened. 

Clamps — The gunmaker has so many parts to 
clamp throughout the various operations he per¬ 
forms that a good supply of clamps is required. 
Figure 22 illustrates one which is necessary for the 
restocking of shotguns. 

The special home-made tools a student requires 
are many, but the ingenuity of a mechanical mind 
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will devise a great number to fit the needs that 
arise in a small shop. The suggestions made in 
this chapter are only a means of setting your stand¬ 
ard of improvements with what you have at hand. 

The student requiring a tool which cannot be 
procured from the regular source of supply will 
usually make that particular tool by some method 
best adapted to his surroundings and by means 
difficult to suggest in these pages. There are, 
nevertheless, a number of tools used almost con¬ 
stantly by a gunsmith that a student would never 
use until he knew the value of such tools and their 
purposes. I will try to eliminate all unnecessary 


tools throughout these chapters and mention only 
the tools or appliances necessary. They can be 
used to advantage many times, but their uses 
are for the student to figure out for himself in 
the particular trade or profession he may be 
following. 

The financial position of the reader may have 
the greatest infiuence upon the situation, but the 
amateur should discard the idea that he should 
have all that has been suggested. Build your tools 
as you need them with the means you have at 
hand, and you will l>e surprized to see the tools 
made by the efforts of your own labor. 



CHAPTER HI 

Materials, Metals, 
and Supplies 
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F T THIS chapter are set down a list of the sup¬ 
plies which comprise a gunmaker’s stock in 
trade. Some of these things are seldom required, 
some you perhaps will never use, but this book is 
written especially for the fellow who wants to com¬ 
plete the array, and perhaps has to do everything 
in the whole range of gunsmithing by himself, and 
who, moreover, cannot rush out in the lunch hour 
and easify buy the things he requires or the services 
he needs for the next evening’s work. Then, again, 
this book aims to inculcate self-reliance, for the 
fruit of this is the sweetest satisfaction of all. The 
product of one's own hand and brain becomes, as 
it were, a part of one’s self. 

This extended list runs into a lot of money and 
becomes quite an investment, but you are not going 
to buy all these things at once, and you will, after 
all, use your own judgment as to quantity. As 
your needs develop, you will therefore turn back to 
this chapter for the extended information you will 
require. Nothing is so foolish as to purchase things 
you will never need; so consider the work you are 
planning to do, and the scope of it, and let your 
requirements be your guide. There is one axiom, 
however, that must never be lost sight of, and that 
is that one cannot make something out of nothing. 
An enforced makeshift often displays startling in¬ 
genuity and earns great credit, but only because it 
is a triumph over odds and not because it has real 
excellence. Xow, I am sure you do not want your 
work to be classed as a makeshift, so do not handi¬ 
cap yourself by inferior materials or the lack of 
suitable ones. 

The materials used by the gunmaker are in gen¬ 
eral specialties, and most of them are not carried 
in stock by your local storekeeper. You will have 
to secure them from a variety of sources, and to 
serve all occasions, I have given in a Directory, a 
list of merchants and manufacturers who specialize 
in these goods. Gather and file the catalogs of 
these and of our leading tool and accessory makers 
and dealers. You will find much useful informa¬ 
tion therein, and will be able to determine just what 
best suits your requirements and your pocket-book. 

Tn gun work the first essential is precision and 
then more precision, so start out by arranging your 
supplies in an orderly and precise manner. Have 
a place for everything and, as far as possible, keep 


everything in its place. You can make simple racks 
for your steel, and shelves and cupboards for your 
smaller items. Empty cigar boxes and empty 
baking-powder cans are ideal containers for your 
small articles. Be sure to label them so that you 
will know without fumbling just where to find what 
you are seeking. Screw-top glass jars are fine for 
many small parts. 

Let us start by enumerating the metals you will 
need and the forms in which to buy them. 

Tool Steel — Tool steel comes in many different 
grades and is further complicated by many trade 
names. It is roughly divided into “Standard Car¬ 
bon Steer’ and the so-called “Alloy Steels.” The 
latter are steels alloyed with other metals. These 
alloys comprise Xickcl, Chromium , Vanadium , 
Molybdenum , etc., or combinations of them. All 
have their specific uses, and in each case nothing 
else is quite so good. As we advance into actual 
work, 1 shall have something to say about these 
special steels for particular uses, but when we shall 
hereafter speak of steel in this book, unless other¬ 
wise noted, it will be “Standard Carbon Steel.” I 
shall be rather arbitrary in my choice of steels, not 
because I have an ax to grind, but because my 
experience has taught me that certain makes and 
kinds are best, and you will wisely take my word 
for it. The work we are going to put on this small 
fragment of metal is so infinitely more costly than 
the material itself that to economize at the price 
of quality would be folly. 

Steel, Cold Drawn — This comes in an endless 
variety of sizes and shapes, in rods, bars, and 
sheets. Your needs, as they arise, will determine 
what von will want. The following list of sizes will 
cover some of the things you will certainly want 
lu make. 

Size Use 

inch x % inch... Front sight ramp, soldered without 

ring 

% inch x 1*4 inch... Front sight ramp, with encircling 

ring 

Vi inch x % inch... Barrel band bases 
Va inch x % inch...Sling-swivel bases 

2 inch x 2 inch... Leaf-sight bases. These are bored 

barrel diameter and when split make 
four bases each 

*4 inch x 1V4 inch 

(or lV6 inch).Quick detachable swivels 

22 gauge sheet.Barrel bands 

IS or 16 gauge sheet.. Butt plates and grip caps 
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This list could be continued, but it will be better 
to get the material as needed, for if you should 
procure sizes on a complete list you would have to 
open a steel warehouse in connection with vour 
shop. 

Steel Drill Rod — Drill rods come in 36 inch 
lengths, and in sizes from 51 to 580 in drill-gauge 
dimensions. They are also made in letter and 
fractional sizes, in squares and in flats. This is 
very useful material. It makes pins and screws in 
lock work, firing pins, and cleaning rods, besides 
endless tools for special purposes. It is invaluable 
for special reamers, counterbores, checkering tools, 
matting punches, and screw-drivcrs. 

Spring Steel — The very best spring steels are 
still made in Great Britain, and for springs of the 
best shotgun locks it is advisable to obtain this 
steel. For the ordinary springs you will use in 
repair work, such as springs for obsolete pistols, 
muzzle-loading guns, etc., the domestic steel made 
by Ward or Ryerson will answer the purpose quite 
well. 

Steel Tubing — Shelby steel tubing comes in 
all required weights and diameters and is par¬ 
ticularly useful in many ways. From it you will 
make barrel bands, foresight protectors, cleaning 
tubes, bushings, etc. There is also Stainless Steel 
Tubing, which offers a further advantage for cer¬ 
tain purposes we shall mention later. 

A special tubing is made by the Kllwood Ivins 
Tube Works in Philadelphia, Pennsylvania. This 
company will make any size of tubing from that of 
a needle up to the largest size, not only in cold- 
drawn seamless tubing, but tool-stccl tubing as 
well. This tubing is used for the oil tubes of bar¬ 
rel drills, barrel reamers and rifling heads where it 
is impossible to secure the proper sizes in the stand¬ 
ard Shelby tubing. The making of barrels requires 
more rigid tubing. 

A recent use of seamless alloy-steel tubing is for 
relining rifle barrels. So far these ‘‘liners,” rifled 
and ready for insertion, are a means of saving 
many fine old rifle barrels. As yet these “liners” 
are exclusively a British product. There are two 
kinds, those made of ordinary carbon steel and 
suitable only for lead bullets, and those made of 
the finest alloy steels and so made suitable for 
metal-cased bullets. The former, which have the 
advantage in price, are procurable from A. G. 
Parker & Company, Birmingham, and the latter 
from Vickers-Armstrong, Ltd., Grayford, Kent, 
both in England. They carry a supply of these in 
various calibers. 


Steel Spring Wire — This comes under the 
name of piano wire and is made in all sizes from 
580 to 530. This is the material of which you will 
make your compression springs. Helical or so- 
called spiral springs are used in many places in 
modern firearms, and replacements arc often 
necessary. 

Machine Screws — In general use, they arc 
made with two kinds of heads, the flat head and 
the fillister head. You should have a small stock 
of both kinds, as these, in addition to their general 
use, will often replace other special screws which 
have been lost or broken. The following list covers 
a multitude of needs. Get them long enough; they 
can be shortened easily if too long. 


Size 

T bread 

Let: fit It 

2 

04 

V 

2 

56 

Vi 

3 

56 

% 

3 

4S 

% 

4 

40 

% 

4 

36 

% 

5 

40 

Vi 

6 

40 

Vi 

C 

32 

Vi 

S 

32 


8 

36 

% 

10 

32 

1 

12 

28 

1 


Brass — There are a number of uses for this 
easily worked metal, both in sheet, rod, and bar. 
A few pieces of rod of different diameters will make 
drift punches, riveting anvils, special screws, etc., 
while for small bushings and escutcheons as well 
as templets, etc., a sheet of 24-gauge brass will be 
most desirable. Purchase short pieces of 14-inch, 
%-inch, 1-inch round brass to drive with as well as 
to hold in the vise to rivet on; also secure the soft 
sheet brass Y\ r, inch thick for use as vise jaws; and 
obtain Vi-inch and %-inch round brass to drive 
with and for making special screws, bushings, and 
escutcheons. 

Copper —For drift punches in removing and 
replacing sights and dovetailed sections, soft copper 
rod is excellent, and sheet copper /, ; inch thick 
makes the best protecting medium for your vise 
jaws. 

Lead — A small quantity of lead will provide 
for numerous needs, and you will have no difficulty 
in getting this in scrap form or at your plumbers. 
Vise jaws, bench plates, etc., require lead. You will 
also use- it for lapping barrels, ring gauges, cham¬ 
bers, and bullets. 

Solder — Solder is an alloy of lead and tin in 
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various proportions. That used by a tinner is 
usually 50% lead and 50% tin. A slightly higher 
proportion of tin—say 60 x 40—is better for gun 
work. 

Silver Solder Speller is used for brazing opera¬ 
tions; tin and bismuth are employed to harden 
lead and make the soft solders. 

Soldering Salts — Nokorode Soldering Salts 
are the best on the market for soldering operations. 
These come in pound tins, and all that is necessary 
is to add a small amount of water to the salts, put 
the mixture in a separate jar, and keep it handy 
on the soldering bench. 

Emery — You will need a small quantity of 
emery powder for your lapping and polishing 
wheels; 590, 5120, and the fine grade called “flour” 
emery will cover your requirements. The coarse 
grade is used to true oilstones. 

Emery Cake — This is emery combined with 
grease in a soft cake. It is used to charge the re¬ 
volving polishing wheel. It is a fast-cutting com¬ 
pound and brings out a good finish on steel parts, 
such as barrels, etc. 

Emery Cloth and Paper — This is your 
standard abrasive, and you will use it a great deal. 
The numbers most useful in emery cloth are 51, 
50, and 5000. It is possible to get even finer cuts 
than these in emery paper, and so your finest use 
may require a few sheets of Turkish and French 
emery paper. 

Crocus Cloth — This is the finest abrasive of 
all. You will need it for your finest polishing. 

Sandpaper — This universally used material 
has been greatly improved of late by making it 
waterproof. The flexibility of the wet paper makes 
it more adaptable and prevents scratching. It is 
also self-cleaning and cuts faster. You will not 
want anything coarser than 51, and for your finest 
work 1/0 to 7/0. 

Fiber — You will need a small amount of round 
fiber rod, 3 /4 inch to % inch in diameter, to make 
into drift punches for use on finished surfaces 
where even copper would mar and spot. If you do 
damaskeening this will also be the material you 
will use as a tool for your abrasive. This material 
is used by some gunmakers for butt plates and grip 
caps. It is cheap and easily worked to shape, and 
for inexpensive work answers quite well. The 
large round fiber can be turned to various sizes for 


removing dents on fine shotguns or rifle barrels 
where adjustable steel plugs would damage the high 
polish. 

Glue — As all glue is soluble in water, its use is 
quite limited in gun work. The strongest obtain¬ 
able is made from hide stock, and the best is im- 

9 

ported from France or England. As it must be 
prepared in a double boiler, a small glue pot is 
necessary. Remember that glue is strong only 
when freshly made and quickly applied while 
piping hot, and that boiling and frequent reheating 
destroys its strength. For attaching horn and rub¬ 
ber we suggest that you dissolve your glue in lin¬ 
seed oil instead of water, as this renders it more 
nearly water-proof. 

Du Pont Household glue will lie found very use¬ 
ful and convenient for repairs, and as it does not 
require heating, it is always ready for use. 

Felt — A small supply in % and V'l inch thick¬ 
nesses is required with which to line vise-jaw 
blocks and rub down stocks when ground glass, 
rottenstone, and pumice are used as polishing 
mediums. 

Horn, Buffalo — This is one of the essential 
materials of the gunmaker. It is used for butt 
plates, forearm tips, grip caps, and inlays. Asiatic 
buffalo horn is the best, and it is wise to buy the 
entire horn and cut it to shape as you need it. 
Horn butt plates for the best shotgun work should 
be imported complete, as these are hydraulically 
compressed into shape. They may be had in all 
thicknesses wanted. 

Pumice and Rottenstone Powders — These 
substances are very fine abrasives and are used in 
obtaining a fine polish on stocks. A small can of 
each will provide enough for unlimited use. 

Wood Screws — These are of so great a variety, 
and so readily obtainable, that one is hardly justi¬ 
fied in carrying a stock. Your work-box will fur¬ 
nish most of your needs. 

Steel Wool — This is a necessary article. A 
pound of 5000 will serve all purposes for a long 
time. Its uses will he made manifest throughout 
these pages. 

The following substances and chemicals are also 
used in gunsmithing, and are chiefly confined to 
the surface treatment of materials, either to harden 
their surfaces, to render them more beautiful, or 
to add to their preservation. The ones first enumer¬ 
ated and described are those for use in connection 
with metals. 
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Acids — Acids, one must always remember, re¬ 
quire care both in their use and in their storage. 
They are often dangerous in combination, destruc¬ 
tive to animal and vegetable tissues, and highly 
poisonous. Some must be kept in special con¬ 
tainers and away from direct light. Buy in small 
quantities, as most of them deteriorate rather 
quickly. 

Sulfuric Acid (commonly called Oil of Vitriol )— 
This is a most powerful acid, and, as its name im¬ 
plies, is derived from sulfur and niter. For the 
gunsmith it is limited to its use as a cleaning agent, 
such as removing rust, sand, and other foreign 
substances from metal. 

Nitric Acid (commonly called Aqua Forth )— 
This acid is derived from niter or saltpeter 
through decomposition by sulfuric acid. It is a 
most useful acid, both alone and in combination. 
It is a constituent of all bluing solutions and is the 
acid which is used in etching ornaments on steel. 

Hydrochloric Acid —In its commercial form this 
is often called Muriatic Acid or Spirits of Salt. 
It is made from common salt by the action thereon 
of sulfuric acid. It is used by the gunsmith as a 
flux in the operation of soldering and brazing. 
Hydrochloric acid combined with nitric acid—one 
part nitric acid with two parts hydrochloric, by 
measure—makes Aqua Regia. This is used as a 
component of bluing solutions. 

Potassium (Potash) — In its numerous forms 
this is another chemical of many uses. Potassium 
Chlorate , which is the arch enemy lurking in our 
fired primers, becomes a useful friend in our bluing 
formulas. Potassium Bichromate and Potassium 
Cyanid arc the forms in which it is used as a 
case-hardening agent. Potassium Permanganate is 
a very useful agent in darkening walnut wood. 
This will be described in stock finishing. Potas¬ 
sium Nitrate is used in coloring steel. Other chem¬ 
icals besides the Potassiums used in bluing solu¬ 
tions are Bismuth Chi or id, Sidphate of Copper, 
Sulphate of Iron, or Copperas, Bicfdorid of Mer¬ 
cury, Ferric Cfdorid and some others of lesser 
importance. 

Ammonia — Commercial ammonia is well known 
to us all and demands no explanation of its prop¬ 
erties or general uses. It is useful to the gunsmith 
as an agent for the removal of grease preparatory 
to bluing. Ammonia Persulphate mixed with ordi¬ 
nary' Ammonia in distilled water makes a valuable 
cleaning solution, as it will dissolve within the bar¬ 
rel the metal fouling deposited by cupro-nickcl- 
cased bullets. Highly concentrated Ammonia is a 
most useful agent for darkening walnut and other 


hardwoods, as only its fumes are necessary. A 
finished stock, before oils are applied, can be placed 
in an air-tight box with open dishes of strong am¬ 
monia and the dark color will be attained without 
moisture. Ammonia Chlorid (Sal Ammoniac) is 
used chiefly as a flux in soldering by tinsmiths. 
For most gun work, Nokorode Soldering Salts are 
preferable. When shotgun ribs are to be soldered, 
rosin is the safest flux to use, as no injurious 
residues are deposited. 

Alcohol — Two forms are in common use: grain 
alcohol which, as its name denotes, is distilled from 
grain, and wood alcohol which is distilled from 
wood. For all the formulas I shall give, I advise 
the exclusive use of grain alcohol. As pure alcohol 
is surrounded by troublesome government restric¬ 
tions, I advise that in making up my formulas you 
take the ingredients to your druggist and have him 
compound them. He will be able to provide the 
pure, undenatured alcohol which is essential. Tf 
this proves inconvenient you can make your own by v 
procuring a small glass laboratory still. 

Acetone — This is an alcohol derivative which is 
a constituent of most cleaning oils and solutions. 
Remember, always, that acetone is very inflam¬ 
mable. 

Mercury (Quicksilver) — This mineral is used 
by gunsmiths to remove lead from the rifle bore. 
It has a great affinity for lead, which unites with 
it, but from which it can subsequently be easily 
removed. 

Sulfur (Brimstone) — This was one of the bases 
of our good old black gunpowder, hut its use in 
gunsmithing is largely in the making of casts of 
shell chambers; it is particularly adaptable be¬ 
cause of the low temperature in which it melts and 
the slight shrinking it develops in cooling. It is 
also used in the tempering bath when making 
springs. 

Camphor — A small supply is all that is neces¬ 
sary to mix with the sulfur in the making of sulfur 
casts. 

The following substances have largely to do with 
wood work, and while not chemicals in the strict 
sense, are best classified with them. Let us take 
the substances used in staining first: 

Alkanet Root — A vegetable derivative, which 
when mixed with your stock oil will impart a red¬ 
dish tint to w'ood. Arnotto, or Annato, ail orange 
red giim. is used to give a similar tint in staining. 
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This is only soluble in alcohol and therefore cannot 
be used directly in the polishing oil. 

Umber (Raw and Burnt) — A mineral formerly 
much used as an ingredient in wood stains. It has 
been superseded by anilins, which are soluble and 
so penetrate more thoroughly; and they do not 
obscure the beauty of the grain like insoluble 
substances. 

Dragon's Blood — An old constituent of red 
wood stains, now superseded by anilins. 

Logwood — A very useful dyestuff, but rarely 
used today in wood stains for the reason above 
given. It is often used to impart a better black to 
gun barrels in the bluing process. 

We have described the foregoing dyestuffs largely 
because they are a part of the historic development 
of staining and will therefore be found in all the old 
formulas and recipes. My opinion, however, is that 
the amateur gunsmith will find in the commercial 
anilin stains, materials more easily obtained, more 
easily applied, and more easily controlled. The 
old defect of anilins, their lack of endurance, is 
now practically overcome. Perhaps of all the old 
vegetable stains the first one mentioned—Alkanet 
root—will be the one most generally preferred. 
Mixed with your stock oil, it will heighten the color 
of most wood and add to its beauty. 

Varnishes and Rubbing Oils — The uses and 
projjerties of these substances will l>e fully de¬ 
scribed in a later chapter on “Finishing.” Here 
we shall describe them only as substances. 

Varnish — All the old varnishes were made of 
vegetable gums dissolved in linseed oil and turpen¬ 
tine. Only the very toughest and best of these 
were suitable for gun work. Those known as “Spar 
Varnishes” are the best, as these resist water most 
effectually. Valspar is a well-known and worthy 
representative. 

Lacquer — This rather unfortunate word means 
a number of things, quite different from each other. 
In the sense in which we employ it here, as a treat¬ 
ment for wood, it is the nitro-cellulosc product 
made by Dupont, called “Duco,” and is the best 
known. Applied with a spray gun it is the mod¬ 
ern substitute for varnish in nearly every case. If 
one has to varnish a gun stock, well—don’t; lacquer 
it instead. It is quicker and in every way better. 

Shellac — Shellac is a varnish made from a gum 
secreted by an insect and dissolved in alcohol. 


Some gunmakers use it in connection with linseed 
oil and then it is known as “French Polish.” Its 
use in gun work is passing, the lacquer above men 
tioned is taking its place. 

Linseed Oil — This, the only oil adapted to the 
preservation and finishing of wood, is derived from 
fiaxseed. Tt is at its very best when it has been 
extracted from the seed by pressure only, and with¬ 
out heal. This grade, however, is not generally 
procurable in America. Linseed oil comes either 
“raw,” as it is called, or “boiled.” One must here 

be reminded that there is “boiled oil.” which is oil 

* 

actually boiled in a vacuum, and the commercial 
“boiled oil,” which is merely raw linseed oil com¬ 
bined with certain “dryers.” For the gunsmith the 
latter is worthless—he must have the really boiled 
article. As there is a use in gunsmithing for both 
the raw and the boiled, your supply should include 
a small bottle of each. 

Oils (Lubricating and Preservative) — This is 
a subject that is provocative of much argument and 
difference of opinion. There arc uncompromising 
opinions regarding all these classes of oil: animal, 
mineral, and vegetable, and all their combinations. 
Perhaps the best line of argument 1 can take is to 
give you my preference, and then if you disagree 
with me, it will be like a conversation on the radio 
—one-sided. Far be it from me to disparage any 
of the well-known, highly advertised lubricating 
oils, as they are excellent for most purposes. It 
just happens that I “sat in” on long courses of ex¬ 
perimentation conducted by the IF. S. Government 
chemists to determine the best oils and greases for 
use in the Springfield and other United States ar¬ 
senals. It was found that for the lubrication of 
guns, an oil consisting of 10 parts pure sperm and 
1 part paraffin specially refined, boiled together, 
was the best obtainable; and that a heavy grease, 
made under a proprietary formula by E. H. Hough¬ 
ton of Philadelphia and having the trade name of 
Xo. 82 and 84 “Cosmic,” to 8 parts of which was 
added 2 of pure sperm, was the very best preserva¬ 
tive. Sperm oil is obtained from the head of the 
sperm whale. Both are entirely free from acid; 
both arc non-drying. This means that they not 
only do the work required of them, but that they 
keep on doing it, and your gun, in use or in storage, 
is safe and sure. This information solved all my 
oil problems for the moment and, I believe, forever. 

Among the other oils needed is lard oil, for use 
in cutting screw threads, and for cutting, reaming, 
and lapping operations generally. Kerosene is used 
for loosening up corroded joints, and Sperm Oil has 
a number of uses, especially in connection with 
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rifles—uses which will appear as the workman goes 
further into actual gunsmithing. 

Varnish Remover—Have a small can of this 
in stock, for it is a great time saver in removing 
the old varnish from a stock, preparatory to re- 
finishing it. 

Beeswax — Beeswax is sometimes used as a 
polishing agent, but as it is affected by moisture, 
it is not well adapted for wood work on guns. It is 
no substitute for the combination of one part lin¬ 
seed oil and ten parts elbow grease. A little, per¬ 
haps, added to the oil, accelerates results. It finds 
a use in the gunmaker’s supplies for coating sur¬ 
faces in the etching process. 

Ivory — Since ivory is becoming very rare, it is 
more expensive than formerly. It is used for pistol- 
grip caps, forearm tips, inlays and grips for 
revolvers and pistols, and for special sights on shot¬ 
guns and rifles. Old billiard balls of ivory may be 
picked up at times and will supply your needs. 

Charcoal — Charcoal, you will need in your fur¬ 
nace as fuel, and also in a powdered form for bluing 
small parts. T hat made from willow wood is es¬ 
teemed the best, but you will be satisfied with that 
commercially obtained. Charcoal is also used to 
cover lead in hardening operations. 

Lacquers for Metal — These lacquers have no 
relationship with the automobile lacquers formerly 
described. Their composition is of no interest to 
the gunsmith. They may be obtained from dealers 
in metallic finishes and are applied to metal pre¬ 
viously made warm. Their uses will be described 
in the chapter on metal finishing. 


Rouge or Ferric Oxid — This is the finest of 
all abrasives and is used to give the highest pos¬ 
sible polish to steel and other metals. 

Prussian Blue — A tube of Prussian blue, pro¬ 
cured from your paint dealer, will provide the best 
material in your trial and error operation in all 
your dose-filling melal-to-metal work. In fitting 
steel to wood, lampblack made into a paste with 
oil is rather more satisfactory. 

Bone-black — A pound of this will also be 
necessary to have at hand. This is used to coat ex¬ 
posed and delicate points when mixed with sperm oil 
into a paste in the heating and hardening process. 

Water — Distilled water should be invariably 
used in every chemical formula. A saturated solu¬ 
tion means all, and no more, of any soluble sub¬ 
stance that can be held in suspension in the 
liquid. 

Woods — The woods for stocks arc best secured 
from Mitchell Bosley of Birmingham and J. R. 
Owen of Liverpool, England. They carry the finest 
of the Circassian, French, and Italian walnuts. For 
the supply of American walnuts, Hamer of Spring- 
field. Ohio, has a very fine selection. It is best to 
have these cut to standard size for the particular 
firearms you wish to restock. You will need a sup¬ 
ply for odds and ends in order to do considerable 
patching, and the local supply of American walnut 
answers that purpose. You will also need pieces of 
ebony, rosewood, mahogany, cherry, and maple 
woods. These are very attractive, especially the 
rare varieties. A separate chapter will be devoted 
to this subject. See “Selection of Woods” before 
any steps are taken to secure the supply required. 
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The Us© of Tools 


C ERTAIN individuals seem naturally adept in 
the use of tools, while others must receive 
definite instruction before they can make progress. 
It is for the latter class that this chapter is written. 
Everyone attempting a task wishes to do it cor¬ 
rectly, and the student, having located his shop and 
purchased or made some of the tools, often finds 
himself in a quandary, not knowing how to per¬ 
form the simplest operations, such as sharpening a 
wood chisel, driving a nail, or using a file in the 
right manner. 

Throughout this chapter I have endeavored to 
treat each subject so that the novice will clearly 
understand most of the tools used by a gunsmith. 
Naturally, a number of topics are not touched 
upon, hut enough is included to give adequate 
working knowledge. What follows may be of little 
use to the finished craftsman, but the beginner 
should read it carefully in the hope of acquiring an 
understanding that could otherwise be had only by 
apprenticeship. 

Wood-working tools will be considered first be¬ 
cause of their interest to the beginner. Edge tools 
of all kinds come ground, but not stoned, therefore 
it is necessary to understand first how to sharpen 
and keep them in condition to do the best work. 

WOOD-WORKING TOOLS 

Chisels — The wood chisel, carving chisel, 
gouge, and bottoming tool are the most important 
in stock inletting. You can buy chisels such as the 
short butt chisels which save time, and you can also 
fashion them from old files. Grind off the file cuts, 
being careful not to draw the temper while doing 
so, and sharpen the end by holding it flat against 
the emery wheel as it revolves to secure the proper 
angle. On all gunmakers’ chisels the angle is twice 
as great as on carpenter chisels. With a long sharp 
angle, the cutting edge performs better on hard 
woods. The grinding of a radius on the cutting 
edge of a chisel reduces to a minimum the necessity 
for stoning. It is advisable to grind a 1 or 2 de¬ 
gree angle on the flat side so that it will not bite in 
that direction, but take out a straight clean cut. It 
is impossible to do this with gouges, since they are 
made with a diversity of radii and a very steep 


angle to the cutting edge, with only a very slight 
angle on the flat side. 

Carving chisels come under the same heading as 
gouges and are made in many different forms. The 
reversed radius gouges are seldom used on stock 
work and may be added to one’s kit when occasion 
for their use arises. 

The chisels you buy usually come rough-ground 
and with a short angle. Regrind this angle as de¬ 
scribed, near to the cutting edge; then reverse the 
same on the emery wheel so that a short radius 
will be ground about one sixty-fourth to the cut¬ 
ting edge. While grinding, always be careful to 
grind straight across so that the cutting edge will 
not be canted to one side. Like instructions should 
be followed for chisels made from old worn files. 
As machine shops arc always accumulating old files, 
a good supply can usually be obtained without 
much effort. Your choice should be: flat mill, half 
round, three square, and pillar files. Those of the 
narrow pillar variety can be made into small narrow 
chisels, and the different-shaped needle files can be 
ground for small inletting work such as shields, etc. 
Your needs will be confined mostly to 6 and 8 inch 
lengths, the 10 and 12 inch being rather cumber¬ 
some for general use. The 10 inch mill file may be 
broken in hall and ground for wide butt chisels. 

Another type of thin chisel is made from power 
hack-saw blades, broken to the proper length, the 
teeth ground off, and a tang ground on the end to 
fit a file handle. A full set of these tools is inex¬ 
pensive, not difficult in construction, and the work 
will be most interesting to the beginner. 

In stoning, first use a coarse carborundum stone 
to hasten the work on the cutting edge, and a 
Washita or any fine-grained stone to obtain the 
desired keenness. Get a piece of 3 inch belt leather, 
12 inches in length, and glue the smooth side to a 
convenient place on the bench; use it to rub the 
working chisel on now and then as needed. Charge 
the leather with 320-M optical emery by mixing it 
into a paste with olive oil, and rub well into the 
leather. By drawing your chisels toward you, as 
tho you were stropping a razor, you reestablish and 
maintain the sharp cutting edge. This device is 
used for flat chisels and gouges on the straight side. 
Most carving chisels have odd shapes and radii but 
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you will observe that the gouges have, in most in¬ 
stances, a true radius. To strop these, the best 
results are obtained with a buffing wheel mounted 
either on a buffing-wheel stand or emery-wheel 
spindle. Charge the wheel with rouge or chrome- 
plating polish as a light abrasive. When the tool 
is stoned and you wish to complete the stropping 
operation, all that is necessary is to hold gouge or 
carving chisel against the fast-revolving wheel at an 
angle of 80 to 85 degrees from the horizontal; or 
hold the tool near the bottom of the wheel to secure 
the proper edge. Only one thickness of a J /i inch 
sewn muslin wheel is required to bring the edge to 
a fine cutting design. 

When using the buffing wheel, hold the tool close 
to a vertical position, bringing it against the wheel 
gently. This method will give it a razor edge, the 
condition in which it should be kept. It is wise, at 
the first sign of dulness, to touch it up on the 
wheel, thus returning to the razor edge the possi¬ 
bility of making a smooth polished cut against the 
grain of the wood. 

When making chisels from old files and after 
grinding, draw to a blue just verging on purple. 
Procure suitable handles with heavy steel ferrules 
for protection in the use of a mallet. Generally 
speaking, chisels used in conjunction with a mallet 
are of the ordinary carpenter kind, reground, while 
home-made thin chisels are for hand use only. 

Only rudimentary instruction can be imparled 
to the beginner in the use of the different chisels, 
since proficiency will depend largely on practise 
and experience. In the use of the many forms of 
hand chisels, the hold varies slightly, but speaking 
generally, the right hand is the pushing force and 
the left acts as the guide. If you are the least bit 
artistic you will find it gratifying to watch your 
ability grow, particularly in the application of the 
small carving chisels. In fitting actions into stocks, 
the wide short-butt chisels will be found the best, 
for with these you can take off the thinnest shaving 
cleanly. 

Draw-Knife — Most of us are familiar with this 
tool, but very few understand its proper use in 
shaping a stock. Strange but true, the American 
stock maker uses it far less frequently than the 
spokc-shavc; a matter of fashion and teaching, I 
suppose. When it is razor keen, it is a reliable 
and thoroughly efficient tool. Instead of taking the 
long strokes you see a carpenter use, hold the 
knife at an angle or let the left hand extend further 
than the right and only take off small chips with a 
kind of motion as tho you would gouge out the 
wood with each stroke, cutting across and at times 
against the grain without splitting the wood. Of 


course, on straight-grained blanks you can take 
longer strokes, thereby reducing the surplus wood 
more rapidly. Do not go too far in your cuts, and 
bear in mind that the spoke-shave is used to con¬ 
tinue where the draw-knife leaves off. 

One of the best instruments of this kind is the 
wheelwright draw-knife with round handles close to 
the blade. With such a knife the cuts are con¬ 
trolled better, whether from or toward you. 

Planes — When the student begins to use a 
plane he holds it at an angle instead of pushing it 
in a straight line, and you will find that a great 
many carpenters do the same thing. Turning the 
tool sidewise permits it to follow an uneven surface 
and your work becomes more or less out of square. 
Holding the plane straight is highly important in 
laying out the top lines of a stock correctly; and 
for this it is advisable to use a jack-plane. 

When starting to plane, use the lightest cuts pos¬ 
sible, the blade scarcely scraping the wood. Then 
set the cutter just a little deeper, until thin trans-' 
parent shavings are produced the full width of the 
blade. When you find that you are cutting against 
the grain, reverse the piece of work and plane from 
the opposite end. Should the grain run in different 
directions, take only the finest cuts possible to 
avoid fraying and tearing the fibers. 

In the use of the smooth plane to clean up a 
rough piece of wood, it is permissible to turn the 
plane at any angle to cut the high points off the 
work; follow, however, by straight cuts to attain 
the desired level surface from which the remaining 
sides are trued. 

When first examining a new plane you will find 
that the blade is rough-ground only; it is there¬ 
fore necessary to stone it to secure the proper re¬ 
sults. Have a combination coarse and fine oilstone 
located at one end of the work-bench recessed in a 
wooden block, so that it is stationary and can be 
reversed from fine to coarse. To stone the blade, 
turn the smooth side up. Apply a few drops of 
sperm oil on the center of the stone. Hold the 
plane blade with both hands with top of angle 
resting on the stone. Slowly bring the cutting edge 
to the stone, and move the blade in a circular mo¬ 
tion without too much pressure. Examine often to 
see that you have a straight line along the cutting 
edge of the blade. This will be indicated by a 
bright edge. Now reverse the blade, lay the flat 
side down, and draw it back and forth until the 
bright stoned edge also shows in a straight line as 
on the opposite side. Now start stoning lengthwise 
on the angle to remove the wire edge, reverse and 
do likewise until all of it has disappeared. Use the 
lily-white Washita oilstone; stone the blade in the 



THE USE OF TOOLS 


51 


same manner as last described, and when you run 
it across the top of your finger-nail you will note 
the sigii of a saw edge. If you examine this rough 
edge under a magnifying glass it will look like a 
number of fine saw teeth which are easily detected 
with the top of the finger-nail. After these are 
removed by the white Washita or Arkansas stone, 
strop the edge on the belt leather as described for 
wood chisels until you are able to cut a hair with 
it quite as readily as with a razor after being 
stropped. This procedure applies to all plane 
blades, but, of course, the angles differ in certain 
types, necessitating slight changes in position when 
stoning. 

When assembling the plane, note the amount of 
projection of the blade through the slot. If too high 
on one side and low on the opposite, it can be 
adjusted by means of a lever under the blade on 
top side which shifts the position until it becomes 
perfectly even. The adjusting screw regulates the 
thickness of the cut, which can be adjusted to 
produce the thinnest of shavings. 

Rasps — These are manipulated in the same 
manner as files, are extremely useful, have a broad 
field, are quite simple to work with, and are the be¬ 
ginner’s most important tools. Even tho you are 
able to remove wood easily with such a tool, you 
must bear in mind that it is possible, at least for 
some workmen, to do much better work with other 
tools when a more advanced stage of adeptness is 
arrived at. 

Rasps come in different sizes and cuts and are 
known as rasp, cabinet, and vixen. The two mostly 
used in stock work are the rasp and the cabinet. 
The cabinet rasps are thinner with very little radius 
on the curved side. The rasp is used only on wood 
where it is impossible to use any other tool to cut 
down to shape, such as in a butt stock that has 
been cut from the stump and where the knots and 
burls stand out prominently. It is surprizing how 
rapidly the beginner becomes proficient with these 
implements; and he will accomplish better results, 
by far, when he uses them on such wood as curly 
maple, stump walnut, etc. When you get down to 
the outlines of the stock, finish with a bastard and 
a mill-cut file before sanding. Good rasps are 
rather expensive and it doesn't take long to wear 
one out on hard wood. When the teeth become 
dull it is better to discard it altogether, for you 
will require fifty strokes with a worn rasp to one 
stroke with a new one. When you want exercise to 
develop muscle in your shoulders and arms, a worn 
file or rasp will accomplish the desired effect. A 
vixen file is used on aluminum and for barrel 
Striking. 


Saws — The saws which gunsmiths use are a 
good crosscut, rip, hack, coping, jeweler’s hack, and 
small cabinet. The first two are used for all the 
rough sawing required, and when used with care 
will last a long time without any sharpening. Of 
course if you allow it to hit your vise, or saw into 
nails, it doesn't take long to dull the teeth. If this 
happens often, it is best to learn how to file a saw. 
for which a special vise is convenient. To do this, 
damp the saw in the vise, and with a triangular 
saw-file start to file the first tooth at the same 
angle as the original cut. Hold the angle, and file 
every other tooth until they come up to very sharp 
points. Reverse the saw in the vise and file the 
opposite tooth from the other side. Before starting 
to file, take a straight edge and lay over the teeth. 
If they do not come up even, take a 12-inch mill 
file and just touch the tops of the teeth until all 
are even. 

It is difficult to give instructions for the use of 
a wood saw, for the control of a saw is only de¬ 
veloped by practise, and it is well lor the beginner 
to use test pieces to sec how straight he can keep to 
a line with both saws, one for cross-cutting the 
grain of the wood and the rip-saw to cut with the 
grain. 

You will find that the hack-saw is the most use¬ 
ful of all, since it is adapted to both metal and 
wood. The Atkins silver-steel blades, I believe, are 
best. The length of blade should be 12 inches with 
24 or 32 teeth to the inch. The coarse teeth are 
used when cutting steel and wood of large size, and 
the fine teeth for light work, small stock, and sheet 
metal. When a blade wears down you can grind 
off the sides of the teeth and use it to slot screw- 
heads, etc. 

The jeweler’s hack-saw is used extensively by 
the gunsmith, and as the blades cost only ten cents 
per dozen it is a good investment to buy five or six 
dozen in different widths and numbers of teeth. 
This saw is used for cutting off small parts, cut¬ 
ting screw-driver slots in small screws, etc.; it is 
impossible to list here the multiplicity of its uses. 
In practise many blades are unavoidably broken; 
however, knowledge of the use of the tool is so 
desirable that this should not lend discouragement. 

The coping saw is used for cutting out odd forms 
in wood and templet work when it is necessary to 
follow' lines. 'I bis is more readily possible because 
the blade can be turned to any position in the 
frame. For cutting out pistol-grip caps from 
buffalo horn and ivory, it is indispensable. 

Spoke-shave — This is one of the w'ood-working 
tools the amateur should by all means become ac¬ 
customed to, especially in shaping the outlines of 
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a stock. It is one of the easiest devices to under¬ 
stand when you once see the advantage gained in 
its use. Without a doubt, its employment is be¬ 
coming more or less obsolete among American 
workmen; but European gunmakers usually have 
a complete collection in perfect order in their tool 
chests, and prize them highly. You will be startled 
to see how rapidly you can remove wood with one 
of these little tools, working the shave both from 
and toward you, the same as with a draw-knife. 

When grinding the blade it is necessary to have a 
convex form up to the cutting edge on the part 
which projects from the wooden handle. On the 
under side of the knife, it needs a long angle to 
free the chips. After stoning the cutter to a keen 
edge, place it against the muslin wheel charged 
with rouge as explained in finishing gouges or 
chisels with odd forms. It should be set, usually, 
for the shallowest of cuts. 

I use various spoke-shaves on stock work, from 
the very smallest for odd forms on shotgun stocks 
to the regular size which is used for roughing down 
wherever possible. With one of these little tools 
you can see what you are doing when shaping a 
stock blank, but with a cabinet rasp, an uneven 
surface results which makes it difficult to keep in 
mind the outline of your work. On difficult wood 
it is advisable to resort to one of the rasps, for 
here it is next to impossible to use a shave because 
of knots and diversity of grain. 

Wood Bits — These are essentially for boring 
into wood, but other forms are also employed. The 
wood bit is frequently used in gun work, and it is 
advisable to buy the very best, for the hard wood 
of gun stocks dulls its quickly. Look over an 
assortment of needle files and select a suitable one 
to keep your bit sharp. File from the inside; 
sharpening the side lip from the outside will cause 
it to bind in the hole and pull the spur free from 
the wood. 

Center bits are used to start the Forstncr bits 
when shallow holes are required, the Forstncr bits 
being used in producing a flat-bottom hole. As 
these are only used on shotgun stocks you will find 
that they do nut require sharpening as often as the 
auger bits. However, identical methods are em¬ 
ployed when it is needed. 

In selecting a brace, choose the best with a large 
strong chuck that runs true, and has a sweep of 
between 10 and 12 inches. When a bit is centered 
there should be no running out. Occasionally it is 
the bit itself which is being sprung, and it is im¬ 
possible to bore a straight hole with one so modi¬ 
fied, especially when recessing in the butt for 
accessories, as these holes are bored the full length 


of the bit. You must have the combination of bit 
and brace running in absolute alinement. To have 
a bit come through the side of a finished stock is 
a calamity and humiliation great enough to make 
one realize that it is advisable to have everything 
running true from the very first. Before starting 
operations which require the use of either auger, 
center or I'orstner bit, lay out your work by mark¬ 
ing the centers plainly with a center punch. There 
•is no excuse for holes being out of center. When 
this happens it is due to guess-work or haste. 

In the instance of twist drills used in a brace, 
grind the drills back longer than in the case of 
steel. Drills any smaller than Vi inch should be 
used in a hand drill. 


METAL-WORK TNG TOOLS 

Drills and Drilling — In the armamentorium 
of the metal workers tools, none has a more 
definite or important place than the twist drill. 
One-half the metal is cut away in the flutes, but 
notwithstanding this, the cutting surface, in pro¬ 
portion to its cross-sectional area, is large. This 
is made possible by the fact that the walls through 
which it passes act as a support, and the feed pres¬ 
sure forces the point into a cone-shaped hole which 
centers it. Drills should be ground so as to cut to 
actual diameter and be capable of operation with 
as little power or pressure as possible. To have 
one cut to correct size, both lips should be of the 
same angle. A great convenience is to buy a stand¬ 
ard drill gauge (shown in Figure 32). These are 
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made from sheet steel with an angle of 59 degrees 
and graduated on the angle portion, so that when 
the drill is reversed, both sides check to the center. 
After acquiring the knack of grinding them it is no 
more difficult to grind a Number 52 than a 2-inch, 
and the same holds true for giving correct relief. 
Start from the cutting edge and roll it back; then 
reverse the drill to opposite side and repeat the 
operation. This does not assure microscopically 
perfect size, but the accuracy of the eyes is sufficient 
for all practical purposes here to determine if both 
angles are correct, and sides are of equal length. 
Should one side be longer than the other, the drill 
will cut oversize, and in the case of a large drill the 
aperture would be enlarged considerably. Small- 
number drills are stoned; they are too small to lx? 
ground. By stoning a small radius on the edge or 
lip of any size drill, it may be used as a reamer by 
drilling first with a smaller drill, and then using the 
one so treated until the desired smooth opening is 
acquired. 

For drilling brass or any thin stock where the 
drill goes clear through, it is best to grind or stone 
a narrow bevel on the cutting edge. Figure 33 il- 



Fig. 33 

Special grinding for 
hard melal or brass 



END ELEVATION END 


Fig. 34 
Glass drill 


emery cut well. I'se either 90 or 100 emery or 
carborundum and water between the end of the 
drill, tubing, and glass. Place the abrasive under 
the drill with a thin piece of soft wood to avoid 
scratching the surrounding glass. Construct a 
wooden box so that the grit-impregnated water will 
not run over the drill-press table or floor. Cushion 
the glass with a piece of rubber with an opening 
in the center not larger than the one to be drilled. 
When drilling, it is best to penetrate approximately 
half-way and then turn the glass and drill from the 
opposite direction. Any fin left in the hole can be 
easily removed with a round file dipped in turpenr 
tine. It is possible to drill small holes by grinding 
the triangular end of a three-cornered file to a 
taper, and using it as a drill tool. For a lubricant, 
use a mixture of turpentine and camphor. Holes 
up to V 2 inch in diameter can be drilled in glass 
with a flat drill by hardening it in sulfurous acid, 
and using a mixture of turpentine and camphor as 
a lubricant. The most successful glass drilling is 
accomplished with such implements as are shown 
in Figure 34. 

Drill Troubles —Twist drills will sland more in 
proportion to their size and weight than almost any 
other tools, and when a good one does give trouble 
it is due to neglect. When drills chip on the edge, 
the lip clearance is too great and fails to support 
the cutting edge. If the outer corner wears, it 
shows that the speed is too great. Figure 35 


lustrates the edge to stone. This ooes away with 
the tendency to draw into the work, which means 
removing more than it should, especially at the 
bottom of the opening where it breaks through. 
To avoid this, grind as heretofore explained—from 
the cutting edge. 

Drilling Holes in Glass —A number of methods 
are offered for choice. For holes of medium and 
large sizes, use either brass or Shelby tubing hav¬ 
ing a diameter equal to that of the opening re¬ 
quired, as illustrated in Figure 34, or make up 
special drills from cold-drawn steel. The cutting 
face in each instance should have a smooth, flat, 
circular surface. The speed should be about 100 
feet per minute, or just fast enough to have the 



Fig. 35 

An indication of too great speed: 
The outer corners of the drill 
have been worn away because 
excessive speed has drawn the 
temper 
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shows this defect. This is particularly noticeable 
on cast iron. Always keep drills sharp and watch 
the speeds and feeds, and above all keep them 
well lubricated with a free cutting oil. such as lard 



B 

Fig. 36 

(A) Thinning the web of a drill on 
an omory wheel. (B) Showing whero 
the wheel has removed the metal 

oil. When using small drills at high speed, a won¬ 
derful help is to moisten them with the index finger 
dipped in oil. In drilling hard material use tur¬ 
pentine as a lubricant. Drills feed more easily by 
carefully thinning the extreme point. Figure 36 
illustrates this. This is important in hand feeding 
with drills at or over in diameter. 

When metal has been case-hardened or tempered, 


it is best to spot-anneal by building wet clay around 
the spot that is to be drilled, and heating over the 
Bunsen burner. Or spot-anneal with an acetylene 
torch; or a spot can be ground off so that the drill 
will start. In drilling material of this texture, 
grind the tool as flat as possible; it will cut much 
better on all hardened parts, using a low speed and 
turpentine as the lubricant. 

Often a drill can be used in place of the regular 
tool for counterbores. Start the opening with a 
regulation-ground drill and then replace with one 
of the same size, but ground flat and with just 



Fig. 38 

Incorrectly ground lips. Here we see the 
angles of lips to be equal, but their lengths 

are different 



Correct lip clearance, showing proper way 


grind the surface back of the cutting lip 


to 


enough clearance to insure its cutting. These we 
call “bottoming drills '; they will do for holes where 
special care is necessary. 

When using metal-cutting drills for wood, in¬ 
crease the angle to 30 degrees on a side and give 
the drill a considerable amount of clearance so the 
chips will come out freely and not act as a brake. 
High-speed drills cost a little more than carbon 
drills and are the ones used mostly in gun work. 
For wood, the common carbon drills do very nicely, 
lint for steel the former will outlast a carbon drill 
two to one. 

The Drill Press and Its Use —Many operations 
can be performed on this machine, such as using it 
for inlay work on wood, as a milling machine to cut 
out grooves in shotgun hammers, to set sights in 
revolvers, grooves in sight bases for covers, to mor- 
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Fig. 39 

Incorrectly ground lips. When this drill was 
ground the two lips were different. Note 
that the hole is larger than the drill 

tise long grooves, as in checkering frames, square 
wooden sections, etc. 

A surprizing number of different set-ups can be 
arranged on one of these machines, from the drill¬ 
ing of holes in steel or wood to using it for special 
cut-outs. As an instance, suppose you wish to set 
in a piece of ebony or ivory. It is difficult to ex- 



Fig. 40 

The correctly ground drill. Note how com 
pactly these chips fit into each other 


cavate for tit is by hand. When it is possible to do 
this with the aid of the drill press, a small fishtail 
cutter can be formed out of a piece of drill rod. 
File it to the required size, and harden and temper. 
This cutter should be small and driven at high 


speed. .Set the piece in the drill-press vise and 
place a block of wood so the back of the vise will 
ride squarely against it. Place stops for the re¬ 
quired lengths, setting them on the feed handle so 
as to require only slight pressure to bring the cutter 
a mite deeper. A light outlining cut results in a 
milled-out recess for the inlay. For mortising, buy 



Fig. 41 

A rough, inaccurate hole—the 
result of a dull drill or worn 
outer edges 

spiral end mills up to V* inch; these can also be 
used for surfacing wood work. They produce a 
well-finished surface and all that is afterwards 
necessary is to sand and polish. A drill press can 
also be used for lapping, filing, and polishing 
screws. For reason of its innumerable uses it pays 
to add such a machine to your shop equipment, if 
it is not practical to buy a regularly made drill 
press, secure a smaller one which with motor at¬ 
tachment may be made to answer the purpose 
satisfactorily. 

Files and Filing — The file plays a most im¬ 
portant part in the gunsmith's trade as well as that 
of die makers, and it would be difficult to conceive 
of a piece of work in the construction of which it 
does not find its use. Proficiency in the. file’s use 
demands practise, accuracy, and patience. While 
employed as a die maker, it took me two weeks to 
file out one die block which made two tumblers. 
In the hands of the craftsman it marks a degree of 
skill that never fails to impress. In general practise 
files are designed both by the spacing of their teeth 
and the shape and cross-section of steel on which 
they are cut. The size always refers to their length, 
which is measured from the point or end of the 
file proper and never includes the tang that fits 
into the handle. 

Terms Used for Files —The back of the file is 
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the convex or rounded or half-round side. Cabinet 
and other files have similar sides. The second cut 
is finer than the first. Some prefer the single-cut 
for filing in lathes, and I am of the opinion that the 
best results are secured with this style when draw¬ 
filing a barrel or similar work. 

Careful observers will notice that a file does not 
cut well when new, but rather that it is at its best 
after it has been used for a while, and that its 
proficiency terminates suddenly, not gradually. 
Gunmakers of past generations accomplished mar¬ 
velous results with the aid of little more than this 
simple implement. I have studied the locks and 
actions of many an old weapon and unhesitatingly 
concede that their makers were real craftsmen, 
highly trained and possessed of wonderful artistic 
ability. Examples of their efforts are destined to 
live through the ages in the different museums of 
the world. True, very fine work is turned out by 
men with a file today, but we are living in a 
machine age when it is possible to eliminate much 
of the time-consuming toil, leaving only the finish¬ 
ing process to be done by hand. 

The best advice for the beginner is that he should 
first of all learn how to use a file, good practise 
being to reshape into correct alincmcnt test-pieces 
of steel that are out of square. Let him consider 
also the proper manipulation of flat files and 
acquire the habit of making strokes in a straight 
line without rocking, so that a perfectly fiat surface 
follows instead of a rounded one. Convexity of 
surface may be detected by placing a small amount 
of Prussian blue or lampblack on a face plate or 
any other which is perfectly fiat and sliding it over 
the part being filed, the high points being thereby 
revealed. Apply the file in a manner that brings 
it into contact only with these elevations, testing 
meanwhile for square and level qualities. It is 
necessary to hold any and all work firmly in a vise. 
Holding a file without rocking it, so that the stroke 
is taken on an even plane, is a matter governed 
entirely by painstaking practise. 

Manufacturers furnish the trade with many 
kinds, shapes, and sizes of files, yet no one works 
for long before he feels the want of a design for 
a particular angle or bit of work that has never 
appeared in a catalog. For this, do not hesitate to 
grind one that comes nearest your requirements 
into the pattern you desire, for files are cheap con¬ 
sidering the work they perform, and a special file 
ground today will always come in handy in the 
future. 

This reminds me of an incident that strongly 
impressed on my mind the importance of such a 
tool. 

•During my early days in the Northwest, I 


stopped one night with a Swedish sheepherder. As 
I drove up to his camp I was greeted with the 
irresistible odor of mutton stew and coffee, and the 
unforgetable sight of a steaming pan of biscuits. 
The ill-disguised rapture on my face no doubt 
moved this herder to generosity and he insisted that 
I help in the consumption of these delicacies. I 
accepted with a celerity that gave my host no op¬ 
portunity to change his mind. After putting away 
as much stew, coffee, and biscuits as possible for 
one of my proportions, I sat back contented and 
listened to his conversation. He was most anxious 
to recount to me the story of one of his recent 
accomplishments. 

It seems that only a few days before our meeting 
he had accidentally filled the muzzle of his rifle 
with gumbo and then shot at a coyote. The result 
was naturally disastrous—the muzzle was blown off 
up to the front-sight slot. In a vicinity where coyotes 
are thick, a herder without a gun is about as useful 
as a cowpuncher without a horse. Undaunted by 
so small an incident as having a portion of his rifle 
muzzle destroyed, he immediately set about to 
remedy this situation. Rummaging about, he un- s 
earthed a file, or rather the remains of what had 
once been that useful article. After roping the 
gun to the bottom of the wagon the barrel was filed 
off square, or nearly so, until no vestige of the re¬ 
cent disaster could be detected. Slots were filed in 
the hexagon barrel and in lieu of a front sight a 
piece of baling wire was wound in place. The 
important thing, tho, was that it was serviceable 
and shot satisfactorily. Not a bad job for a shccf>- 
herder. 

Grinding — A most valuable addition to a well- 
equipped shop is a small grinder. Throughout the 
book I have mentioned grinding often, and the use 
of the grinder fur polishing operations. There are 
a number of good, yet inexpensive grinders on the 
market. Electricity to operate the grinder is ideal, 
but if it is not to be had, several other methods of 
furnishing power are available. In isolated places, 
a gas engine can be used, or a hand or sickle 
grinder which has a train of gears to furnish speed 
for the stone. The speed of grinders in general 
requires fittings capable of various adjustments, 
such as being driven from countershaft, etc.; other 
assemblies are makeshifts understood best by those 
who make them. The best arrangement is to at¬ 
tach power and countershafts to the machine. Since 
its use is now r universal, I shall assume all have 
electric power, and give instructions accordingly. 
Figure 9, Volume II, shows an improved fixture to 
be made for grinding wood chisels and the blades 
of planes, etc. This is to be clamped to the bench 
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by first removing the toot rest. The angle of the 
fixture can be adjusted to any degree which suits 
the purpose and produces the desired result. Be¬ 
tween 30 and 45 degrees is the proper amount of 
bevel required for tools. With this fixture it is 
possible to grind chisels or blades straight and at 
right angles. Select a grinding wheel suitable for 
most work, and include if possible, a number of 
others, different in size and cutting quality, to be 
used for the multitude of purposes constantly found 
for them. 

Grade and Grain of Grinding Wheels —The term 
“grade” as applied to a grinding wheel refers to the 
tenacity with which the bond holds the cutting 
particles or abrasive grains in place, and not the 
hardness of the abrasive. A wheel from which the 
abrasive grains can be easily dislodged is called 
“soft” or of “soft grade,” and one which holds the 
grains securely is referred to as a “hard wheel.” 
By varying the amount and composition of the 
bond, wheels of different grades are obtained. The 
grades are designated either by letters of the alpha¬ 
bet or numbers, according to the system employed 
by manufacturers. The letter “M” represents a 
medium grade, and the successive order of letters 
preceding the following “M” denotes softer and 
harder wheels, or vice versa. (This method of 
grading wheels is not universally a standard system, 
except among the larger manufacturers.) The 
grain or coarseness of a wheel is designated by 
numbers which indicate the number of meshes to 
the inch through which the grains of the abrasive 
material will pass. For example, a 36 grain means 
that the abrasive will pass through a weave having 
36 meshes to the linear inch. The method of grad¬ 
ing wheels adopted by a number of different manu¬ 
facturers can be secured from them, as they print 
these in chart form. 

Selection of Wheels jor Grinding —The grade and 
grain to use depends upon the kind of material to 
be ground, its degree of hardness, and the surface 
area in contact with the wheel. Theoretically a 
wheel is of the proper grade when the bond is just 
hard enough to hold the abrasive until it becomes 
too dull to cut effectively; then, because of the in¬ 
creased friction, the dull grains are torn out and 
new points come into action, so that the wheel 
automatically sharpens itself. The harder the stock 
being ground, the more quickly the grains are 
dulled; hence, as a general rule, the harder the 
material the softer the wheel, and vice versa, allho 
some very soft materials, such as brass, are ground 
with a soft wheel which crumbles easily, and does 
not become loaded or clogged with metal. When a 
hard wheel is used for grinding hard material, the 
grains become dulled, but are not dislodged as 


rapidly as they should be. Consequently, the peri¬ 
phery of the wheel is worn smooth and becomes 
glazed, and excessive pressure is required to make 
the wheel act. Any undue pressure tends to distort 
the work, and this tendency is increased by the heat 
generated. If the surface of the wheel becomes 
loaded with chips and burns the work, even when 
plenty of water is used, it is too bard. A highly 
polished surface is sometimes obtained at the ex¬ 
pense of accuracy by using hard wheels that require 
so much pressure to make them grind that the work 
is distorted. In order to secure accuracy as well 
as the most economical results, the wheel must cut 
freely and without perceptible pressure. 

I could continue through one or two pages of 
such advice in the use of the assortment of grinding 
wheels. Conditions under which wheels are used 
vary widely, so no definite rule can be given for 
selecting the proper grade and grain. The begin¬ 
ner’s problems are limited in grinding operations, 
but as his field of activity increases, many simple 
rituals will be followed from habit, such as always 
to have at hand a container of clean water for cool¬ 
ing purposes; and he will learn never to grind a 
tool to greater heat when the color begins to appear 
without first reducing its temperature to normal 
by dipping. 

Mounting Grinding Wheels —Grinding wheels 
should not fit tightly on their spindles, nor should 
they have any play. If a wheel is forced onto the 
spindle, there is danger of cracking. The diameter 
of the flanges should be about one-half the wheel 
diameter (never less than one-third), and they 
should in all cases be relieved to secure annular 
bearing at their circumference. The inner flange 
should be keyed or shrunken on to the spindle. 
Compressible washers of blotting paper or rubber 
may be placed between the wheel and the flanges 
to distribute the clamping pressure evenly, and the 
flanges should be clamped just tightly enough to 
hold the wheel firmly. The latter should be care¬ 
fully inspected, and tapped lightly before mounting 
to discover cracks. New wheels occasionally burst 
when first brought to high speed, and those w r ho 
have witnessed such an accident are usually en¬ 
thusiastic and thorough in their examination of 
both wheel and mounting before exposing them¬ 
selves again to unnecessary danger. 

Glazed or Clogged Wheels —A wheel is considered 
glazed when its cutting surface has become dull 
and worn down evenly with the bond, which is so 
hard that the abrasive grains are not dislodged 
when too dull to cut effectively. Glazing may in¬ 
dicate either that the wheel is too hard for the 
work, or that its speed is too high. The remedy 
then for glazing is to decrease the speed or use a 
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softer wheel. Always keep the wheel true by the taper as the taper-pin reamers—*4 inch to the foot, 

use of either a diamond or carborundum stick. As These are used for internal work, such as lapping 

a rule manufacturers of electric grinders make ring gauges or any other work requiring a straight 

available two wheels, one soft and one hard of the hole. Laps are usually made of soft cast-iron which 

same grade, which when new are perfectly true, makes it possible to produce a better finish. What- 

and the only satisfactory way to arrive at good re- ever material is used, the lap should be softer than 

suits is to keep them in their original condition, the work, otherwise the latter will become charged 

Learn to make use of the tool rest when grinding with abrasive and cut the lap. The order of the 

and always keep it adjusted properly to the wheel, operation would then be reversed, 

thereby avoiding the danger of getting tools or your All laps for die work used at the Arsenal, when I 
fingers caught between the wheel and work. Lastly was stationed there, were made of pure lead, as it 

have a guard over the wheel for protection to face was inexpensive and gave fine results. The arbor 

and eyes in case the wheel should burst and set in for the lap was made of cold-drawn steel with 

action flying particles imbued with terrific mo- grooves to hold the lead, which prevented it from 

mentum imparted through centrifugal force. turning when the lap was slightly smaller than the 

hole and ceased to cut. The lead was expanded on 
Laps and Lapping — The gunsmith is often the end, and this was repeated a number of times, 

called upon for such work as lapping special dies to Other laps were cast from pure lead and turned to 

size: lapping chambers, ring gauges, plug gauges, the required size for the different draw dies, and 

special test gauges, snap gauges, barrel plugs, etc. these were used continuously for a number of days 

Figure 42 shows a set of lap arbors with the same by the operators. 



TAPER PIN REAMER LAP DRIVING PIN 

STANDARD *1 TO *6 


Fig. 42 

Internal lap. arbors, and driving pin. II much lapping is to be done, a full set should be made 
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External laps are used in the form of a ring with 
an outer band or holder and an inner shell, which 
forms the lap proper, made of copper, cast-iron or 
brass. The lap is split and screws are provided in 
the holder for adjustment. Length of an external 
lap should be at least equal to the length of the 
work; a little longer does no harm. Figure 43 il¬ 
lustrates one of these. 

Grading Abrasives for Lapping —For high-grade 
lapping, abrasives may be evenly graded as follows: 
a quantity of flour emery or like abrasive is placed 
in a heavy cloth bag which when gently tapped 
causes fine particles to be sifted through. After a 
sufficient quantity has been obtained it is mixed in 
a dish with sperm or olive oil. The larger particles 
will sink to the bottom in about one hour and the 
oil should then be decanted into another dish. Be 
careful not to disturb the sediment at the bottom. 
The oil is allowed to stand for several hours longer, 
after which it is poured again, and so on until the 
desired grade is obtained. 

Charging Laps —To charge a copper or cast-iron 
lap, spread a Jittlc of the prepared abrasive over 
the lap and roll it between two hardened steel 
blocks; do not rub, but roll the lap with even pres¬ 
sure. On laps for external work, a hardened steel 
plug smaller than the hole should be used to roll 
the abrasive into the ring. For breaking, when 
there is a considerable amount of material left on 
the gauge, I mix coarser emery with sperm oil, 
charging and using the copper lap with it until 
there are only two to three ten-thousandths left to 
finish with the finer specially prepared abrasive. 
When a lap is once charged it should be used with¬ 
out applying more abrasive until it no longer cuts. 
If a lap is overcharged with abrasive, a rolling 
action between the lap and work takes place, which 
results in uneven distribution. A properly charged 
lap should never develop bright spots. On the 
contrary, the surface should be a uniform gray. 
Use plenty of sperm or olive oil to wash the fine 
steel cuttings away from the lap, keeping the same 


adjusted to prevent the work from becoming bell- 
mouthed. 

Dry Lapping —Use the finest optical emery by 
lightly sprinkling it over the fast-revolving lap; 
wash off with gasoline and test for size often. To 
finish, use powdered rouge in the same manner; 
when completed you have one of the most highly 
finished surfaces possible. 

Laps for Flat Surfaces —Laps for plane surfaces 
are made from cast-iron and lead. Figure 44 illus¬ 
trates a small cast-iron lap for small work. In 
order to secure the most accurate results, the lap¬ 
ping surface must be a true plane. On the cast- 
iron lap the surface is checked or scored by narrow 
grooves located between % and V 2 inch apart across 
the full length of the plate, forming a series of dia¬ 
monds as on a stock. The lead lap is constructed 
in the same manner except for the grooves, its sur¬ 
face being a true plane. The latter is used as a 
roughing lap and the cast-iron one for finer finishes. 
After a lap is charged, all loose abrasive should be 
washed off with gasoline to determine if the surface, 
has a gray appearance. Repeat until all bright 
spots are charged, if this is not the case. When 
lapping, the surface should be kept moist with 
kerosene; gasoline will cause the lap to cut a little 
faster, but it evaporates so rapidly that the surface 
becomes glossy in spots. Loose emery should never 
be applied while lapping, for if well-charged with 
the fine abrasive in the beginning, kept well- 
moistened with kerosene, and not crowded too 
much, it will last a long time. The pressure ap¬ 
plied to the work should be just enough to insure 
uninterrupted contact. A lap can be made to cut 
just so fast, but with too great pressure it will strip 
in spots. The causes of scratches on the work are: 
loose abrasive on the lap, too much pressure, or 
poorly graded abrasive 

Diamond Laps —I use diamond laps and diamond 
dust extensively, especially on very fine holes, 
charging laps for lapping the spindles of anvils of 
micrometers, and charging cast-iron lapping plates 



Fig. 44 

Ccut-iron lapping plate. Made in various sizes to suit requirements 
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to this condition, will last for years, provided you 
exercise reasonable care in its use. 

AH reamers are ground lengthwise in a special 
tool grinder made for them, and, like wood-working 
tools, they must first be put into sharp condition 
before reliable work can be expected. All reamers 
when new are up to size or three to four ten-thou¬ 
sandths over. Copper-plate each flute, and with a 
medium or fine ^4-inch oilstone, stone the flutes up 
to cutting edge by starting from the rearmost por¬ 
tion. If you are experienced in the stoning process, 
it is possible to stone lengthwise, an operation in 
which the high points left by the grinding wheel 
are immediately discovered. They must be stoned 
until the flute has a bright evenly polished surface, 
at the same time retaining size. To avoid a chat¬ 
tered hole, see that each flute cuts, with the others, 
an equal ‘amount of chips. Particularly with 
tapered reamers is it more or less common to en¬ 
counter chatter, which, naturally, is fatal to a satis¬ 
factory recess. Important to remember is—never 
chuck a hand reamer in a lathe or drill press, as 
hand reamers are made to ream by hand only; the 
same may be said for taper-pin reamers. Machine 
reamers are specially made; included in this type 
are the taper-pin reamers. It is a grave mistake 
to allow more than three to five thousandths of 
stock for the reamer to remove. When a rough 
drilled hole is encountered it does require more 
stock. A clean-bored hole need have only two or 
three thousandths of metal to be finish-reamed. 

Screw-drivers and Bits — This subject has 
been more or less neglected, because every one looks 
upon a screw-driver as a tool intended either to 
remove a screw or to place one in position. On 
gun work, owing to the screw slots being much 
smaller than the standard recommended by manu¬ 
facturers, the quality of the screw-drivcr is of 
major importance. It would be impossible to pic¬ 
ture a high-grade shotgun made with screw slots 
from .025 inch wide for Yiq screw to .057-inch 
width for a ^-inch screw; they would look and be 
entirely out of proportion. For this reason the 
makers have adopted small-slotted screw heads for 
both rifles and shotguns. In order that the gun¬ 
smith can cope with this situation he must have 
screw-drivers constructed in a way quite different 
from that of the ones usually purchased in a hard¬ 
ware store. The latter are, as a rule, made only 
from cheap material; and when ground to fit a gun 
screw, they twist out and mar the head, a fault 
which is inexcusable even in an inexpensive arm. 

Figure 21 will show the correct way to shape 
screw-drivers for gunsmithing purposes; unless the 
bit fits the slot in every dimension, there results, 


as just mentioned, a distorted or damaged head. 
This fact makes it imperative, for really fine work, 
to have a driver for every slot size. 

In attempting to remove a tightly imbedded 
screw that does not yield to ordinary effort, I ob¬ 
tain the best results with correctly sized driver bits 
that fit a brace, exerting steady pressure on the 
brace with the left hand, and with the right gently 
turning the screw out. This method will start any 
screw no matter how firmly set, and may also be 
employed to seat them tightly. Have you ever 
noticed that on a high-grade gun, resting on its 
butt plate, all slots point in the same direction, 
north and south, according to the points of the 
compass on the map? Well, it’s true, and the same 
applies, in a continued line, to the butt-plate 
screws. Any other arrangement is considered un¬ 
sightly and a detraction, marking the difference 
between precision and indifference. Be as par¬ 
ticular in the care of good screw-drivers as of any 
other valued tool by refusing to submit them indis¬ 
criminately to the grinding wheel for every odd¬ 
sized screw, but rather have a generous selection, 
well filed, tempered, made from the best spring 
steel or drill rod, and fitted to serviceable handles. 

Soldering — Years of experience in this line 
have led me to believe that nine out of ten men 
who have occasion to resort to this art could still, 
with advantage to their work, improve their tech¬ 
nique. Soldering is sometimes erroneously referred 
to as “sweating,” but there is a vast difference in 
strength between a well fitted and sweated union 
and one soldered in the ordinary way. An im¬ 
portant point, frequently overlooked, is the proper 
cleaning of surfaces to be joined, and this operation 
is too often left for the flux to correct. While 
nearly all metals can be joined by use of the same 
flux, a proper selection is at times necessary. The 
result following improper preparation and cleaning 
overshadows in every instance the effects of good 
soldering and is particularly noticeable in gun 
work. For strength, adapt the parts to one an¬ 
other perfectly, because the more accurate the 
fitting, the stronger the union. Use a solder with 
as high a melting point as possible. The tempera¬ 
ture of the work to be joined should be brought as 
near as possible to the melting point of the solder 
to insure better fusion and flow. 

There are a number of fluxes or soldering salts 
on the market that are satisfactory. Their action 
in soldering is to remove and prevent the forma¬ 
tion of oxids during the operation, to allow the 
solder to flow freely, and to unite firmly the sur¬ 
faces to be joined. 

For sheet tin, rosin or colophony may be used. 
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but owing to the ease and rapidity of applying, a 
solution of zinc chlorid (zinc dissolved in HC1) is 
more generally employed. Beeswax or tallow can 
be used, and so can almost any of the pastes, fats, 
or liquids prepared for that purpose. 

For lead, a flux of almost any oil and rosin in 
equal parts is satisfactory. 

Lead burning, now almost a lost art, is a different 
operation from soldering. Here the surfaces must 
be bright and free from all oxid, while instead of 
solder, which is tin and lead, the operation is done 
with pure lead, rosin and oil. 

Fluxes — Hydrochloric acid, rosin, turpentine, 
tallow, and especially chlorid of zinc or soldering 
liquid, are among the common fluxes used in solder¬ 
ing. For a complete list sec Chapter XXVI. 

A very good acid mixture for cleaning work to 
be soldered is equal parts nitric and sulfuric acid 
and water. Never pour the water into the acid! 

By laying a piece of tin foil, covered on both 
sides with a flux, between two perfectly fitted and 
clamped parts and heating until the foil is melted, 
a satisfactory union is effected. This is very good 
in joining broken parts of brass and bronze work. 
If their apposition is good, they can be joined in 
this manner so that the joint is not only strong, 
but almost imperceptible. 

A solution of copper for copper-plating steel or 
cast-iron before soldering is easily made and ap¬ 
plied. It is identical with the one recommended 
for coppering the flutes of reamers before stoning, 
and is composed of copper sulfate 3% ounces, sul¬ 
furic acid 3 Vk ounces, distilled water 1 gallon. Dis¬ 
solve the copper sulfate in water and add the acid. 

The best solder for gun work such as soldering 
ramps, rear-sight bases, sling-swivel bases, etc., is 
75 per cent lead and 25 per cent tin, which has a 
melting point of 482 degrees Fahrenheit. Solder 
having a low melting point is not recommended for 
gun work because of the heat a rifle or shotgun is 
subject to in rapid fire. The tropical sun of Africa 
has been known to melt off soldered parts of 
firearms where no attention was given to this 
feature. 

The soldering copper for ordinary use should be 
about 1V2 pounds in weight, length 2% to 3 
inches, octagonal in form, and pyramidal point with 
square edges. It should be fixed to a straight or 
angulated iron rod about 8 inches long with an 
ample wooden handle. When heating for use, the 
best way to ascertain correct temperature is to 
hold it near the face. By virtue of heat emanation 
one soon learns to know if the copper is heated to 
the right degree, and if a bright warm glow is felt, 
It is hot enough for use. 


Taps and Tapping — When the amateur first 
finds use for taps he is likely to become discouraged, 
since most tapping troubles are caused by the use 
of drills that are too small in diameter. Tap drill 
sizes made specially for machine screws should be 
varied according to the material to be tapped and 
the depth of the tapped hole. Soft, tough ma¬ 
terial such as copper, Norway iron, stainless steel, 
aluminum, etc., should have a larger hole for the 
tap than harder metals. If the recess is a trifle too 
small when tapping soft material, the thread is in 
danger of being torn off, the effectiveness of the 
thread depth is decreased, and is not nearly as 
perfect as it would have been had the tap drill 
been larger. When tapping soft material, the metal 
at the top of the thread is somewhat drawn, thereby 
increasing the depth of the threads, particularly if 
the keen edge of the tap has been dulled from use. 

For the beginner it is best to check from a table 
of double depth of threads. As an illustration, sup¬ 
pose we wish to tap for a 6 x 48 screw which is a 
U. S. standard form of thread. Let us turn to the 
table of double depths of thread, where it will be 
observed that for a number 6 tap measuring .138 
inch in diameter, .027 is double depth of a 48 
thread. But because the metal expands as a tap is 
used in a hole, we can drill a hole only 75 per cent 
of that depth of thread. Therefore the correct drill 
would measure 0.111 inch; this being too small we 
must select a size larger, which must measure 0.120. 
The nearest drill to that size is selected, which is 
#31. When only a shallow hole is to be tapped, two 
drills are needed—one for starting and one for bot¬ 
toming. The latter may be accomplished by use 
of a drill ground off square at point, or a flat- 
bottom drill, originally constructed for the purpose, 
permitting installation of the greatest number of 
threads. In the use of small taps, be particular to 
grind them with the correct leed, which is the cut¬ 
ting point of the tap. Most taps are furnished with 
a correctly ground leed, but after they become 
dulled, it is necessary to grind the end back and 
regrind the leed. Before grinding a tap, study a 
new one for the purpose of learning how the manu¬ 
facturer first ground the leed, and follow that pat¬ 
tern. Even the best mechanics are inclined to 
grind too much clearance, which causes a tap to 
break easily. Satisfactory results are obtained only 
when using a tap wrench, proceeding slowly with 
small taps, and never trying to complete a full turn 
of the tap. The secret of success is to back it out a 
good half-turn, starting again slowly, for taps are 
brittle and easily broken. If you are conscious that 
a tap springs in the least, reverse and start over. 

To Remove a Broken Tap —When broken near 
the surface it is an easy matter to remove it by 
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anving on both sides with a round punch, ground 
in the form of a round-nose chisel. Two persons 
can do this much better than one by striking light 
blows; when they are striking evenly the force of 
the blows can be increased as may be required. By 
driving on both sides, the tap is not wedged against 
one side of the hole as when using a single drift, but 
is forced to turn out. This is an old method, and 
one of the first I was taught. 

Another method, which has proven a life-saver 
many times, is to inject into a hole a little nitric 
acid, diluted in the proportion of one part acid to 
three parts water. The action of the acid upon the 
broken part and steel loosens the tap so that it can 
be removed easily. The remaining acid should be 
washed out so it will not destroy the threads in the 
steel, which then should be coated freely with oil. 

Lubricants for Tapping —The breaking of a tap 
is caused by: improper lubrication, the tap not be¬ 
ing square with the hole, ignorance, or carelessness. 
Frequency of this misfortune can be reduced greatly 
by proper lubrication alone. Ranking first and best 
among the greases I use is a mixture of white lead 
and sperm oil. Another reliable combination is 10- 
per-ccnt graphite, 30-per-cent tallow, 40-per-cent 
white lead, and 20-per-cent sperm oil. Machine 
and lard oil class with the poorest of lubricants 
for tapping; however, they are probably used more 
extensively than either of the two good formulas 
just mentioned. When tapping in cast iron, a small 
amount of kerosene helps materially. In high- 
power firearms a full, fine, smooth thread is im¬ 
perative to obviate the dangers of the sudden, 
violent, and repeated shocks, which have a cumu¬ 
lative effect upon every part of the mechanism. 

Makeshift Taps —I have often made a tap by 
threading a piece of steel in a lathe or with a die, 
filing three flutes in the end, then backing off the 
clearance, and after hardening and tempering I had 
a tool that lasted for many operations. If the need 
is urgent, file a flat on the end, on a taper; then 
remove a small segment of the remaining arc, con¬ 
structing thereby a cutting edge; harden and 
temper and finish the hole with this. You will find 
very often in gun work that the manufacturer has 
not used a standard screw or thread and it will be 
necessary to ease out a tapped hole for just one 
particular screw. A tap made in the above man¬ 
ner has a considerable amount of clearance, answers 
the purpose nicely, and is not easily broken. When 
it becomes dull, all that is necessary is to grind the 
face or flat; if it should then cut too large, narrow 
the face by further grinding. 

Turning Tools and Tool Grinding — Turning 
tools are of varied shapes adaptable to the many 


different purposes they are intended for. There 
are certain principles governing the form of turning 
tools which apply generally. When grinding lathe 
tools or any other turning tools there are three 
points to remember: first, the cutting edge of the 
tool as viewed from the top must have a specific 
shape or contour; second, there must be a certain 
amount of clearance below or behind the cutting 
edge; and third, tools are given a backward shape, 
so to speak, and a side slope, or a combination of 
the two on the part against which the chip bears 
when the tool is in use. However, experience is our 
best teacher in the different ways of grinding lathe 
tools. It is much more economical to buy the r / C) 
standard high-speed tool bits and an Armstrong 
tool holder than forged tools. These are designated 
by different names, such as parting, thread, side, 
turning or round nose, boring, etc. The shape when 
viewed from the top is suggestive of other uses 
than plain cylindrical turning. The exact form can 
be best determined under working conditions. This 
is illustrated by reference to the parting tool which 
is used for cutting grooves and parting work at 
given intervals over specified distances. Naturally 
it must be widest at the cutting edge to prevent 
binding while feeding into the work. 

Aside from the contour, in relation to the cut¬ 
ting edge, there remains to be determined the 
proper clearance, amount, and direction of the slope 
of the top of the tool. The word “top” is used to 
designate that surface against which the chips bear 
when severed from the work. For most tools it 
should slope away from what is the working part of 
the cutting edge and be set a trifle above center. 
To use this type in turning a diameter of, say 5 /io 
of an inch, it would be impracticable; so we grind 
one with a more pronounced point and greater 
clearance at the lop. On small work the metal 
must be removed with an even free cutting effect. 
In thread tools the clearance must be less decided, 
but for really good work it is advisable to stone the 
point on center. If the reader familiarizes himself 
with the above he will at least have a working basis 
to start from; but, as already stated, success will be 
commensurate with the amount of painstaking prac¬ 
tise which has been expended. 

ACCESSORIES 

Alcohol Lamp and Bunsen Burner — An al¬ 
cohol lamp or, when gas is available, a Bunsen 
burner, is almost indispensable to the gunsmith. 
Let us suppose a small bent trigger spring is to be 
made. It can be formed by resorting to a small 
piece of discarded watch spring, heating it over the 
lamp or burner until blue, then with snips or hand 
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shears, cutting it to the required width. Heat again 
in the flame of the burner or lamp, and with a pair 
of pliers bend to shape. It is not always necessary 
to temper these springs, but when they are heated 
until red and hardened in oil, draw the temper to 
suit. This operation can be done without moving 
from the bench, much more quickly, and certainly 
better, than it could be done at a forge or with a 
gasoline torch. 

The advantages of the alcohol lamp and Bunsen 
burner over the forge or furnace are: they draw 
temper on small parts evenly; the temper colors 
can be readily seen, as the flame of alcohol or gas 
makes no smoke to obscure it:, they are con¬ 
venient for small tempering such as taps, small 
screws, special drills, bending small files to odd 
shapes; and they are indispensable in laboratory 
work. Figure 45 illustrates the burners used by 
gunmakers. 

Emery Paper and Cloth — The finer grades of 
French and Turkish paper for exquisite finishes 
should be on hand and used after the polishing 
process by the cloth. Never destroy the cloth, as 


employment of a finer. When using the finest 
emery cloth, moisten the surface with sperm oil for 
a fine, soft-appearing polish; to bring the finish to 
a high luster, use fine French paper without oil, 
completing with crocus cloth. To use emery paper 
or cloth in a lathe, run on high speed and hold the 
cloth on a flat file. When holding emery cloth by 
hand for polishing fast-revolving round pieces, care 
must be taken that the hand does not get caught in 
the cloth, as at times it clings to the work, thereby 
causing a serious injury. 

Forge and Anvils — These are possibly not* 
used as frequently as other tools, yet they are ex¬ 
tremely important and desirable as part of any shop 
equipment, especially that of the gunsmith. The 
forge may be of the regular forge design, gas fur¬ 
nace, or gasoline blow torch. The latter is only 
used in emergency, when a proper forge or furnace 
is not available. Suitable anvil and small black¬ 
smith tongs to handle the work should be included. 
It is said that the quality of an anvil can be judged 
by the ring. At any rate a good anvil gives out a 
clear sharp sound when struck by a hammer, and 
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this is useful in one way or another until devoid of 
all abrasive. There are a number of different grades 
of the latter, from FF to S40. Cut or tear the 
sheets into convenient pieces for the work to be 
done. When using the cloth on work where file 
marks show, first use a coarser grade by folding it 
around a file, which is then applied in the cus¬ 
tomary manner. Be careful to remove all marks 
and scratches left by the previous grade before the 


if soft or defective the tone is dull and unmusical. 
A perfect anvil so mounted that it gives out a 
volume of sound is much easier to work on than one 
having a dead ring. They vary in weight from 50 
to 300 pounds, but for the gunsmith an anvil weigh¬ 
ing between 60 and 100 pounds is adequate. It is 
necessary to strap it to a block to insure stability. 
Its height should be such that when standing beside 
it one’s knuckles will just reach the top surface. A 
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solid oak block set endwise in the ground makes a 
good foundation, but for the small shop a cast-iron 
support serves as well. An anvil should never be 
strapped rigidly to its foundation, as this checks the 
vibration which tends to keep its face free from 
scale. 

The square hole in the face for receiving the 
cutting and forming tools is called a “hardie hole,” 
the small round hole near it, the “pritchel hole,” 
and the pointed end, the “horn.” Anvils are usually 
made with a wrought-iron body to which is welded 
a hardened steel face. 

When hand forging, two qualities of heat figure 
in the operation. If the object is merely a drawing 
out or surface smoothing, the “cherry-red heal” is 
called for. The work of drawing out or smoothing 
is performed by striking lightly and evenly with a 
hammer until the desired result is secured. A like 
degree of heat is employed where closing the struc¬ 
ture of the steel is the object to be attained, but in 
this case the blows of the hammer should be heavier. 
If the forging is to embrace a material change in 
shape, the rate of heat must be increased. A gun¬ 
smith rarely needs a sledge hammer, as the ma¬ 
terial he works with is not of a size to warrant a 
tool of that weight. 

Micrometer and Its Use — This is the instru¬ 
ment of precision par excellence for the gunsmith, 
without which his activities are like those of a 
mariner at sea deprived of compass and sextant. 
It furnishes a constant means for checking screws, 
pins, drills, drill rod, bullets, and a thousand and 
one other things. To read a micrometer, count the 
number of whole divisions visible on the scale or 
spindle, multiply this number by 25 (the number 
of thousandths of an inch that each division repre¬ 
sents) and add to the product the number of that 
division on the thimble or barrel which coincides 
with the axial zero line on the frame. The result 
will be the diameter expressed in thousandths of 
an inch. As the numbers 1, 2, 3, etc.—opposite 
every fourth subdivision on the spindle—indicate 
hundred-thousandths, the reading can then easily 
be taken mentally. 

Suppose the thimble or barrel were screwed out 
so that graduation 3 and two additional subdivi¬ 
sions were visible, and the graduation 10 on the 
barrel or thimble coincided with the axial line on 
the spindle. The reading then would be 0.300 plus 
0.50 plus 0.01 or 0.360 inch. Some micrometers 
have a vernier scale on the side of the spindle in 
addition to the regular graduation so the measure¬ 
ments within 0.0001 part of an inch can be taken. 
(This sort of micrometer I consult for reference, 
and use a plain micrometer for what I call rough 


work.) Micrometers of this type are read as fol¬ 
lows: first determine the number of thousandths as 
on an ordinary micrometer, and then find a line on 
the vernier scale that exactly coincides with one on 
the thimble or barrel. The number of this line 
represents the number of ten-thousandths to be 
added to the number of thousandths obtained by 
the regular graduation. The reading would be ex¬ 
pressed as follows: Suppose the barrel were screwed 
out so that graduations 4 and one additional sub¬ 
division were visible and the graduation 15 on the 
barrel came over the line half-way, so the reading 
would he 0.400, 0.025, plus 0.015, plus 0.0005, or 
0.4405, as 23 would coincide with 5 on the spindle. 

A micrometer to the amateur is a novelty and he 
usually makes a plaything of it at first, measuring 
everything with which he comes in contact, from 
the hairs on his head to the whiskers of the cat. 

Oilstones — These embrace a large variety of 
shapes and sizes applicable to such work as ston¬ 
ing reamers and actions, sharpening small drills, 
relief on laps, all cutting tools, etc. The natural 
oilstones most commonly used are the India and 
Arkansas. The Washita is a coarser and more 
rapid-cutting stone than the Arkansas, and is used 
mostly for sharpening wood-working tools. There 
are various grades of Washita which vary from the 
perfect crystallized and porous whetstone grit to 
vitreous flint and hard sandstone. The sharpness 
of the grit of any Washita stone depends entirely 
upon the character of its crystallization. The best 
whetstones are porous and uniform in texture, and 
are composed entirely of silica crystals. The poorer 
grades are less porous, making them vitreous or 
glassy, and may have hard spots or sand holes or 
contain grains of sand among the crystals. For 
general work a soft, free-grit, quick-cutting stone is 
required, altho a fine-grit medium hard stone is 
sometimes preferred. Some Washita stones are 
white, while others are streaked more or less with a 
yellow or red tinge. They are found in the spurs 
of the Ozark mountains of Arkansas. The Arkansas 
stone is harder, more translucent, and of greater 
density than the Washita. It has an exceedingly 
sharp grit, and will cut as well as polish very hard 
metals, such as high-speed steel tools and reamers. 
The Arkansas stone is used more frequently in gun 
work than the Washita to produce the fine cutting 
edge required on chambering tools, etc. 

Artificial stones are made in a multitude of 
shapes and sizes and are adapted for sharpening all 
kinds of tools. Such stones are made by the Nor¬ 
ton Company of alumdum and crystolon, the former 
being known as India oilstone and the latter as 
crystolon sharpening stones. Similar shapes are 
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manufactured by the American Emery Works, and 
The Carborundum Company, which makes them in 
a great variety. 

They are supplied in three grades or grits: 
coarse, medium, and fine; the coarser ones are used 
to rough out work or sharpen extremely dull or 
nicked tools, etc., while for sharpening carpenters > 
tools and as a general purpose stone, the medium 
variety is selected. 

Fine Arkansas stones are best adapted to the 
finishing of reamers, particular cutting tools, etc. 

How to Care for Oilstones —Like all other tools 
an oilstone can be ruined by abuse and lack of 
care. There are three axioms to be remembered in 
the care of an oilstone: first, to retain the original 
life and sharpness of its grit; second, to keep its 
surface flat and even; third, to prevent its glazing. 

To retain the original freshness of the stone it 
should be kept clean and lightly covered with oil. 
To let an oilstone remain dry for long, or exposed 
to the air, tends to harden it. A new natural stone 
should be soaked in oil several days before being 
used. If in a dry place, it should be kept in a box 
with a closed cover, and a few drops of fresh clean 
oil left on it, preferabty sperm oil. 

Tools should be sharpened on the edges of a 
stone as well as in the middle to prevent it from 
being worn dowri unevenly, and it should be turned 
end for end occasionally. 

To restore a flat even surface, secure a cast-iron 
plate having a true surface and sprinkle loose 
emery mixed with water or gasoline on it. Place 
the oilstone upon the plate and grind it true by 
either a circular or back and forth motion, but hold 
the stone in center so it will grind evenly all over. 
This method is adapted to all grades, but stones of 
special shape may be reformed by planing a groove 
corresponding to the shape of the stone in a cast- 
iron plate and drawing the stone through the groove, 
using water or gasoline and emery as just described. 
#90 or 100 emery is the best for this operation. 


To prevent an oilstone from glazing requires the 
proper use of oil and kerosene. The purpose of 
using either oil or kerosene on a sharpening stone 
is to float the particles of steel that are cut away 
from the tool, thus preventing them from filling in 
between the crystals and causing the stone to glaze. 

On medium and fine-grained natural stones and 
in all artificial stones, oil should always be used, 
as kerosene is not thick enough to keep the steel 
out of the pores. 

To further prevent glazing, the soiled oil should 
be wiped off as soon as possible after use. This is 
important, for if allowed to remain, the oil dries 
into the texture and carries the steel dust with it. 
If the stone does become glazed or gummed, a good 
cleaning with gasoline will restore its cutting qual¬ 
ities. If not, scour with loose emery or sandpaper 
fastened to a perfectly smooth board. Never use 
turpentine on an oilstone for any purpose! 

Sandpaper — This is furnished in grades rang¬ 
ing from #3 to 7/0. The latter is the finest grade 
and is used only for the finishing operation on 
stocks or other wood work. To use sandpaper 
properly, fold it, after cutting to desired size, 
around soft rubber or cork 1% by 2 ] /£ by 4 inches, 
which makes a convenient and very efficient hand 
hold. The flexible cork or rubber follows a curve 
much better than if the holder were solid. When a 
large flat surface is encountered, or one just a little 
irregular, make a holder from leather and thin 
strips of wood. A large amount of space can be 
covered by this device much more thoroughly than 
any method I am acquainted with. For reducing 
the size of rubber recoil pads, sandpaper or emery 
cloth glued to wooden discs for attachment to a 
grinder spindle is invaluable. A good investment 
is to have a generous supply on hand embracing a 
wide range in grades, as its uses are many and it 
fills a need that can be replaced by no other 
accessory. 



CHAPTER V 

Reading and 
Making Drawings 




CHAPTER V 
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A N UNUSUALLY large number of shop draw- 
. ings have been used to illustrate the two 
volumes I am presenting on gunsmithing, espe¬ 
cially the second. I realize that a number of these 
books are going to he placed in the hands of men 
not trained in the mechanical arts, and they should 
have an idea of the things the pictures represent. 
The drawings have been reduced from a tracing 
measuring 22 x 36 inches and larger down to the 
required page size of the book, consequently the 
reader may not be able to decipher many small 
figures and letters without the use of his magni¬ 
fying glass. To be able to read a blueprint or 
drawing is as essential to the beginner’s success as 
to be able to read the printed matter between the 
covers. To read the drawings we should know 
some of the principles of making them. These will 
be explained as concisely as possible according to 
the space permitted. The reader should first un¬ 
derstand that a drawing is a record of instruction 
given him to read; secondly, he should realize that 
the language used by an engineer in making his 
drawings is largely a language of lines, and that 
unless he knows how to read lines, the instructions 
recorded on the drawings are written in a foreign 
tongue. 

Study the several views until you have a good 
mental picture of what is to be constructed. A 
drawing is a fiat surface, and, as with a map, it is 
necessary for the reader to use his imagination to 
make the lines and views rise from the paper. 
When a clear-cut mental picture has been formed, 
the dimensions should be studied until understood. 
Next, all the lettered text should be read and 
carefully considered. Carelessness in any one of 
these three respects is inexcusable. 

A drawing is, in a sense, a picture made up of 
views; for example, front view, top view, end 
views, etc. These views are made up of lines which 
would show clearly to the eye if the part, accessory, 
machine or fixture were viewed from the several 
positions noted. A front view consists of those 
lines which would be clearly seen if the observer 
were viewing the part or fixture from the front. 
The drawing should also contain all the essential 
dimensions and indicate clearly from what surface 
they are to be taken. In most instances, a distinct 


arrowhead with the point resting against the line 
represents the surface or outline from which the 
measurement starts, or from the work line which 
represents a surface edge and has been lengthened 
to make it convenient for placing the arrowhead. 
Another arrowhead is placed against the line repre¬ 
senting the surface where the measurement stops; 
the arrowheads are connected by a line called a 
dimension line, and the given dimension is placed 
either in this line or directly over it. The drawing 
will probably also contain lettered directions: some 
are to be ground, and the words 'precision grind” 
or the letters PG may appear on those surfaces; 
others are to be finished, and on these the letter 
F may be used, etc. Figure 46 illustrates the 
manner in which a part is viewed. 

Many of the drawings in the books are mere 
projection drawings with which a single idea is 
meant to be conveyed. To understand thoroughly 
what the term ‘'projection” means, study the action 
of light upon an object. Take as an example a 
street car along the street; our view of that car 
is made possible by the fact that light is reflected 
from it into our eyes. This is true of all objects 
which we view, and we say that we see the car or 
object. In other words, the light which is thrown 
back from the car into our eyes gives us a view 
of the car. If the car or object faces toward us 
we get a front view, if away, a rear view. While 
the object itself is not a source of light, it is so 
treated iri viewing it, and the light is said to be 
projecting from the object viewed. When a view 
drawing is made, it is often known as a projection 
of an ordinary (part) without any dimension. 
These drawings are merely a means of conveying 
to the reader an idea of the part; later it will 
be found necessary to work out the details. 

It would be well for every reader interested in 
this work to make good mechanical drawings, for 
with the ability to make drawings would come the 
ability to interpret them. But there are often 
many reasons why this is not possible, and it is 
with the idea of giving the requisite amount of 
knowledge and practise in visualizing the finished 
product from plans, elevations, and sections that 
this chapter has been prepared, for it will explain 
more to the mechanically trained man than I could 
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ever explain in writing. With a careful study of 
the drawings herein will come the ability to “read” 
one of these complicated drawings like the rest of 
the book; it is interesting to translate every shade 
of meaning intended by the designer and thus be 
able to carry out the work in an accurate, efficient, 
and craftsman-like manner. 

These drawings were first sketched freehand as 
each chapter was written and then handed to engi¬ 
neers or draftsmen skilled in the art of mechanical 
drawing. These men first had to lay the founda¬ 
tion for the more advanced work by learning the 
kind of equipment necessary. They had to train 
their eyes to visualize the objects which I had 
drawn freehand and which only expressed the gen¬ 
eral meaning. In visualizing these objects it was 
necessary to measure distances, to draw with pre¬ 
cision lines of uniform width and accurate direc¬ 
tion. It was necessary for them to learn the rules 
of geometric construction, the method of represent¬ 
ing plans, the elevations of objects, and the prin¬ 
ciples of orthographic, isometric projections and 
profile work. 

Even tho a great reduction has been made 
from the original linen tracing, the reader can read 
every detail distinctly. If he should wish a repro¬ 
duction (a blueprint) from these original drawings, 
I have made arrangements with the publisher, so 
that it will be possible to obtain such reproductions 
at a reasonable cost. The full-page drawings in 
these books are 22 x 36 inches, the half-page are 
22 x 18 inches, and others in proportion. A blue¬ 
print, as used by engineers and by mechanics in 
the various industries, is a reproduction of what 


is known as a “working drawing.” A working 
drawing, made from the tracing, shows by means 
of lines what the piece, part, or fixture is, on the 
full scale, and gives the necessary working dimen¬ 
sions or whatever other data the machinist needs 
to know in order to build the piece or the part. 
In other words, it is the drawing by which the 
workman does his work and to which he looks for 
his information. However, it is essential tha.t the 
tracing itself be preserved for reference and there¬ 
fore a blueprint is made from the tracing; this will 
be what the reader uses in his shop. The lines, 
numerals and letters on the original tracing or 
drawing are black on a linen background, but these 
appear on a blueprint as white lines on a blue back¬ 
ground; hence the name “blueprint.” 

The importance of having large-size blueprints 
to work from, is that they simplify the reading or 
solving of the problem before the student. It is 
well also for him to understand that his large blue¬ 
print is a real and exact reproduction of the draw¬ 
ing shown in the book, that it is usually drawn 
to scale or larger, and that, if he implicitly follows 
instructions and dimensions as given in the blue¬ 
print, he is fortified in any argument which may 
occur over his work. If his work checks up with 
the blueprint, he is assured that there is no possi¬ 
bility of error. 

Sectional lines — In addition to the working 
lines and the dimension lines on the drawing views, 
the reader will, in some cases, find a series of 
parallel lines drawn closely together at an angle to 
the working lines of the view. These are known as 
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to finish burnishing reamers, etc. Diamond dust 
may be purchased, and its preparation as a lapping 
abrasive is simple. The diamond after being 
crushed to powder in a mortar is mixed with a high- 
grade olive oil. The mixture is allowed to stand 
five minutes, after which the oil is poured into 
another glass. The coarse sediment left is removed 
and labeled 50 for future differentiation. The oil 
poured from 50 is stirred, allowed to stand ten 
minutes, and is then poured into a separate glass; 
the sediment remaining is labeled 51. This opera¬ 
tion is repeated until all the dust has been re¬ 
covered from the oil. The time that the oil is 
allowed to stand is increased from 10 minutes to 10 
hours for the 56 operation, and even longer or until 
it becomes clear. 50 or coarse diamond is washed 
in benzine and recrushed unless this coarse dust is 
required for some particular grinding operation. 
To the gunsmith the intelligent use of abrasives is 
an invaluable aid. It finds its most important ex¬ 
pression in lapping shotgun barrels for increase of 
pattern, removal of pits or tool marks, as a final 
finish to rilling that adds the highest refinement in 
accuracy, etc. It is also the only practical means 
of evenly removing coatings of rust, provided this 
has not already worked its destructive process too 
deeply into the texture of the metal. 

Lapping Chambers in Shotguns and Rifles —This 
feature will be explained more technically in a 
separate chapter. It would he well, however, be¬ 
cause knowledge of the subject is so desirable, for 
the beginner to work on test pieces to gain experi¬ 
ence. As an example, in a piece of steel, say 1% 
inches thick, drill a %2 hole and stone the cutting 
edge of a drill to a small radius, using this as 
a reamer for finishing. Then harden and remove 
the strain in the steel by passing it hack and forth 
in the fire until unable to touch it without burning 
the hand. Let cool. Make a plug gauge to meas¬ 
ure .298 inch in diameter from a piece of drill rod; 
it is not necessary to harden the gauge. Then con¬ 
struct a lap from a piece of % 0 -inch brass, the 
same size as the hole, 5 inches in length. Under¬ 
cut it back I inch from the end long enough to pass 
through the hole. With a hack-saw, split in the 
center, back 1 % to 1% inch, and spring it apart. 
Now start the lapping operation by either chucking 
the lap or the piece to be lapped. If same is 
chucked in a lathe, place a lathe-dog on the lap in 
order to hold firmly. Mix flour of emery with 
sperm oil until it forms a paste, and with a small 
piece of wood for an applicator, place what would 
be considered a reasonable quantity on the lap, and 
start the machine. Draw the lap gently back and 
forth from one end of the hole to the other, being 
sure to supply a sufficient amount of emery and 


oil to insure cutting, the machine meanwhile revolv¬ 
ing at a moderate rate of speed. After a short trial 
cut, depending on how much stock must be re¬ 
moved, wash out the hole with gasoline, and check 
progress with the plug to see how close it measures. 
Continue until you are just able to pass the gauge 
through the hole. In this form of lap the ends are 
more or less bell-mouthed; nevertheless, you have 
accomplished a lapping operation with a form of 
lap that is used very often for jobs that do not 
require close precision work. For perfect diameters 
the standard lap arbor and copper or cast-iron laps 
are used, for the reason that their construction per¬ 
mits delicate expansion and proper charging. 

When dealing with a taper hole it is necessary to 
make a cast-iron lap of the same taper as the hole 
on a straight mandrel or arbor. The lap proper is 
only a shell with a pin through it and the mandrel 
to hold it in place, but small enough on the pin so 
the lap can work freely during its performance. 

Reamers and Their Uses — This is another 
important tool furnished in different types and 
styles, and in many cases capable of being used for 
a multitude of purposes. A working knowledge re¬ 
garding iIs sphere is most desirable. The following 
list conveys an idea of the number used in one way 
or another in the building of a firearm: ball or 
cherry, burnishing, center, chambering, chucking, 
flat, half-round, hand, pipe, taper, shell, barrel 
reamers, etc. Each is of a different type according 
to the purpose it serves. I presume the reader 
knows that a reamer is a tool used to enlarge a hole 
that already exists, whether it is a drilled, cored, 
or taper hole, imparting to it the desired size and 
finish. In Volume II, Chapter IX, full details 
on the making of reamers will be given, but a pre¬ 
liminary understanding of their use will not be 
amiss. 

There are one or two points to remember in the 
proper use of reamers which should be understood 
by every one, as for instance, providing a proper 
tap wrench the same as you would for a tap, and 
not attempting to make the same tap wrench do for 
all reamers. A small reamer should be used with 
as much care as a small tap, always with plenty of 
lard oil; for when a reamer becomes dry it tears 
out the steel instead of cutting it. In the use of 
barrel nr chambering reamers the best grade of 
lard oil should be used. 

Always watch the cutting edge of a reamer 
carefully to see that it does not pick up met¬ 
al. When a reamer starts to do this, take a fine 
Arkansas stone and stone the top edge to the 
cutting point and also the face of the flutes, cre¬ 
ating a keen edge which, after it is once brought 
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section lines and are used by the engineer to tell 
the reader that the part of the view covered by 
such lines is as if the work had been cut through 
and a portion removed. Chapter IX, Volume II, 
furnishes examples of section lines in the various 
figures it contains. Sections open up the interior of 
an object or a combination of working parts; as an 
example, the spindle of a drill press or an electric 
motor is sectioned to give a clear view of the inside. 
To use a homely illustration, the engineer seeks the 
same effect as the fruit peddler does when he cuts 
a melon in halves for the customer’s inspection. A 
view so drawn is said to be sectional; hence the 
term ‘‘section lines.” In the case of the drill-press 
spindle, some of its parts may be of steel, some of 
bron 2 e, some of cast-iron. To show which parts 
are of cast-iron, of steel, or of bronze, the engineer 
makes use of various arrangements of sectional 
lines, each arrangement showing a different ma¬ 
terial. 

Shaded Lines — It must be admitted that the 
average view of a piece of work on a drawing is 
a rather flat and dead thing. Some imagination 
on the part of the reader is needed to give it life— 
to make it rise from the paper and take on form 
and substance. Fortunately for a machinist who 
is just learning to read blueprints, much of his 
work comes to him roughly in the form in which 
he is to finish it. This is especially true when he 
is finishing ordinary castings. There are several 
methods used to give the blueprint more life. One 
much-used method is to make certain of the work¬ 
ing lines of increased thickness to represent a 
shaded portion. These heavier working lines are 
known as “shade” lines and aid somewhat in 
making the view stand, or lift from the paper. 
Shade lines are used to a lesser extent now than 
formerly, as the mechanic is supposed today to use 
his imagination when reading blueprint views. 

Line Shading — The term “shade lines” should 
never be confused with the term “line shading,” 
which refers to a decidedly different use of fines. 
Line shading as commonly used consists of a series 
of lines placed on the view within its working fines 
and arranged in such a manner as to give a picture 
effect of the view. As in the case of shade lines, 
line shading is used less in machine-shop drawings 
than it formerly was. 

Finished Lines — Another line used in drawings 
or blueprint views is sometimes termed a “finish” 
line. Such a line is usually broken up into dashes 
and dots and is then known as a “dashed” line. 
It is placed on the view close to a working line to 


indicate that the surface represented by the work¬ 
ing line is to be finished. Dashed lines are now 
little used for this purpose because of the chance of 
their being confused with dotted lines used to rep¬ 
resent hidden surfaces and edges, and other meth¬ 
ods of indicating finished surfaces are popular, but 
eliminated in all the views shown in these two 
volumes. When dotted lines are shown they repre¬ 
sent an inside hole, etc. 

Certain conventions, as they are called, are 
often to be found in a number of drawings through¬ 
out the books. Screw threads, as an example, are 
shown in two ways: full thread, and parallel or 
vertical fines. They are seldom shown on a draw¬ 
ing as actual threads, but are “indicated” by an 
arrangement of parallel lines across and vertical 
to the surface which is to be threaded. A note is 
usually lettered on or near the threaded surface, 
giving the number of threads per inch and the 
form of the thread. 

The careful reader of this chapter must now be 
impressed with the need of knowing things. The 
way to know a thing is to study it, just as a child 
studies his book when learning to read. The child 
first learns the simpler words, how they look, what 
letters of the alphabet are used in spelling them, 
and how the words are pronounced; and one who 
is willing to study this chapter and the drawings 
the books contain can learn how to read ordinary 
drawings readily. 

It will help if you take a variety of simple draw¬ 
ings, with which you are more or less familiar, 
and select one for analysis, together with the part 
in your hand. Carefully study each drawing as 
well as the text, for in the first place you will be¬ 
come acquainted with good practise carried out 
by finished engineers, and in the second place you 
will, by this thorough analysis, train yourself to 
see in any drawing everything that was intended 
to be brought out better than words could ex¬ 
press it. 

Mechanical Drawing — The subject of me¬ 
chanical drawing is of great interest and impor¬ 
tance to all mechanics and engineers. Drawing is 
a method of showing graphically the minute details 
of machinery, tools, gauges, dies, etc. It is the 
language by which the designer speaks to the 
mechanic; it is the most graphic way of placing 
ideas and calculations on record. An inspection of 
any of these accurate, well-executed drawings gives 
a better idea of a part than a lengthy written or 
verbal description. The better and more clearly a 
drawing is made, the more intelligently the me¬ 
chanic can comprehend the ideas of the designer. 
Thorough training in this important subject is 
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necessary to the success of every one engaged in 
mechanical work. 

The draftsman or designer is dependent for his 
success to a certain extent upon the quality of the 
instruments and materials which he uses. As a 
beginner, he can often find a cheap grade of instru¬ 
ment sufficient for his needs, but after he has be¬ 
come an expert, it will be necessary for him to 
procure those of better construction to enable him 
to do more accurate work. If possible, it is better 
to purchase the well-made instruments at the start. 

Paper—In selecting drawing paper, the first 
thing to be considered is the kind of paper most 
suitable for the proposed designs. For shop draw¬ 
ings, a manilla paper is often used because of its 
toughness and strength, as these drawings arc likely 
to be subjected to hard usage. When a finished 
drawing is to be made, the best white drawing 
paper should be obtained, so that the drawing will 
not fade or become discolored with age. A good 
drawing paper should be strong, it should also have 
uniform thickness and surface, ancl it should 
stretch evenly and lie smoothly when stretched. 
The finer drawings are made on tracing cloth trans¬ 
ferred from the pencil drawings and inked in. A 
linen tracing cloth should also be of the best grade, 
a grade which should neither repel nor absorb 
liquids and should allow considerable erasing with¬ 
out spoiling the surface. It is, of course, impossible 
to find all these qualities in any one paper or linen, 
as great strength cannot be combined with fine 
surface. However, a kind should be chosen which 
combines the greatest number of these qualities for 
given work. 

The usual method of fastening paper or linen 
to a drawing board is by means of thumb tacks. 
Fasten the upper left-hand corner and then the 
lower right, pulling the paper taut. The other two 
corners are then fastened and a sufficient number 
of tacks are placed along the edges to make the 
paper or linen lie smoothly. 

Drawing Board — The drawing board is usually 
made of well seasoned and straight-grained soft 
pine, the grain running lengthwise to the board. 
The experience gained in stock making should en¬ 
able one with the use of wood-working tools to 
construct one of these very easily, in any desired 
width or length, together with the two horses to 
support it. Each end of the board is protected by 
a side strip, 1% to 2 inches in width, whose edges 
are made perfectly straight for accuracy in using 
the T-square. Frequently the end pieces are fast¬ 
ened by a glued matched joint, nails, or screws. 
Two cleats on the bottom, extending the whole 


width of the board, will reduce the tendency to 
warp. Drawing boards are made in sizes to 
accommodate the dimensions of paper in general 
use. 

Pencils — Lead pencils are graded according to 
their hardness, the degree of which is indicated by 
the letter H, as HH, 4H, 6H, etc. For general use 
a lead pencil of 4H or SH should be used, altho 
a softer pencil than 4H is better for making letters, 
figures, and points. The hard lead pencil should 
be sharpened so that when penciling a drawing the 
lines may be made very fine and light. The wood 
is cut away so that about 3 /l or Vz inch of the lead 
projects. The lead can then he sharpened to a 
chisel edge by rubbing against a piece of sandpaper 
fastened to a wooden block, or even a fine file with 
the corners slightly rounded. Only a light pressure 
should be exerted on a hard pencil, as otherwise 
the chisel edge will make a deep impression in the 
paper, which cannot be erased. 

Erasers — The little erasing necessary should be 
done with a soft rubber. To avoid erasing the sur¬ 
rounding work a metal eraser shield should be 
employed. For cleaning drawings when they are 
completed, a sponge rubber, or a preparation called 
“Art Gum,” may be used, but in either case care 
should be taken not to make the lines dull by too 
hard rubbing. 

T-Square — The T-square (which gets its name 
from its general shape) consists of a thin straight¬ 
edge, and the “blade” with a short piece called 
the “head,” which is fastened at right angles to it. 
T-squares are usually marie of wood; pear and 
maple are used in the cheaper grades. The better 
woods, such as Honduras mahogany, are made with 
protecting edges of ebony or celluloid. T-squares 
are sometimes provided with swivel heads, as it is 
frequently convenient to draw lines parallel to each 
other which are not at right angles to the left-hand 
edge of the board. 

Triangles — Triangles are made of various sub¬ 
stances, such as wood, rubber, celluloid, and steel. 
Wooden triangles are cheap but very apt to warp 
out of shape. Celluloid triangles are almost exclu¬ 
sively used on account of Jtheir transparency, which 
enables the designer to see the work already done 
even tho covered with the triangle. Triangles from 
six to eight inches on a side will be found conveni¬ 
ent for most work. Altho there are many cases 
where a small triangle measuring about four inches 
on a side will be found useful, every student should 
have at least two triangles, one having two angles 
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of 45 degrees and one right angle; and one having 
angles of 30, 60, and 90 degrees respectively. 

Ink — India ink is always used for drawing, as 
it makes a permanent black line. It is obtainable 
in solid stick or liquid form. The liquid form is 
much more convenient but contains an acid which 
corrodes steel and makes it necessary to keep the 
pen perfectly clean. 

Protractor — The protractor is an instrument 
used for laying off and measuring angles, and is 
made of steel, brass, horn, or celluloid. When made 
of metal, the central portion is cut out so that the 
engineer may see the drawing. The outer edge is 
divided into degrees and tenths of degrees. To lay 
off the required angle, use a very sharp hard pencil 
so that the measurements may be accurate. Place 
the protractor so that the two zero marks are on 
the given line, produced, if necessary, and the cen¬ 
ter of the circle is at the point through which the 
desired line is to be drawn. 

Scales — The scales used fur obtaining measure¬ 
ments on drawings are made in several forms, the 
most convenient being the flat with beveled edges, 
and the triangular. The scale is usually graduated 
for a distance of 12 inches. The triangular scale 
has six surfaces for different graduations and the 
scales are so arranged that the drawings may be 
made in any proportion to the actual size. For 
mechanical work the common divisions are multi¬ 
ples of two; therefore drawings are made full size, 
Va size, y 4 , V s , */<>, V 04 , etc. If a drawing is Vi 
size. 3 inches equal one foot; hence 3 inches are 
divided into 12 equal parts and each division repre¬ 
sents 1 inch. If the smallest division on a scale 
represents inch, the scale is said to read Ke 


inch. Scales should never be used as a substitute 
for the triangle or T-square in drawing lines. 

Irregular Curves — One of the conveniences of 
the designer’s outfit is the “French” or “irregular 
curve,” w'hich is used to draw curves other than 
arcs of circles with either pencil or line pen. This 
instrument is made oi wood, hard rubber, or cel¬ 
luloid, celluloid being the best, and is made in 
various shapes. Curves drawn with an irregular 
curve are called free-hand curves. In inking curves, 
the blades of the pen must be kept tangent to the 
curve. 

No drawing of a mechanical nature is finished 
unless all headings, titles, and dimensions are let¬ 
tered in a plain neat type. Many drawings are 
accurate, u'ell planned, and finely executed, but 
do not present a good appearance because the de¬ 
signer or draftsman did not think it w'orth while 
to letter carefully. Lettering requires time and 
patience, especially for the beginner, and many 
think it a good plan to practise lettering before 
commencing drawing. Poor writing need not nec¬ 
essarily mean poor lettering, for good writers do 
not always letter well. In making large letters for 
titles and headings it is often necessary to use 
drawing instruments and mechanical aids, but small 
letters, such as those used for dimensions, names 
of materials, dates, etc., should be made free-hand. 

If the reader has fully comprehended the impli¬ 
cation of this chapter, a fair degree of drawing 
knowledge may now be assumed, and he is ready 
to pass on to more complicated problems. When 
we turn to subjects in either the first or second 
volume, however, we find that a knowledge of 
geometrical figures and their properties is abso¬ 
lutely essential to a clear understanding of the 
problems chosen in gun making. 
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I T MUST be realized, especially by the amateur 
starting to remodel guns and rides, that firearms 
bear a close relationship to the ammunition they 
were designed for and that few of them can be 
“stepped up” to the use of later and more powerful 
loads*. If one will consider the tremendous increase 
in pressures that has been obtained and keep this 
firmly in mind, it will govern him wisely and safely 
in his experiments. No one in his right senses 
would put a steam pressure of 300 pounds upon a 
boiler designed for 50 pounds, yet men will strange¬ 
ly insist on doing this very thing with firearms. 
Take for instance the fine old Krag rifie—why was 
it set aside and a brand-new riilc adopted? Be¬ 
cause it was not a clip loader, and was only de¬ 
signed for a maximum chamber pressure of 42,000 
pounds, while the advance in ballistics provided a 
new cartridge, and the .30 caliber model, 1906, 
required a ritle capable of withstanding five tons 
more pressure than was provider! for in the Krag. 
Not only was a much su|x.*rior grade of steel 
needed, but a new and different breech action, 
stronger in every way, was imperative. Now be¬ 
cause these pressures arc maxi mums, it is possible 
to overload a rifie and get away with it at times, 
but remember you arc flirting with death or dis¬ 
ablement when you attempt it; and if you deem 
this price too high, be ultra careful with pressures 
and always err on the safe side. Figure 47 will 


show what happens when one makes a careless 
mistake. 

Because of the limitations of weight, few guns 
carry more metal than necessary, but this is of the 
best quality and is scientifically heat-treated to 
secure the utmost of its inherent strength and 
stability. Remember, if you disturb this “temper * 
in your experimenting or changing, and do not 
know how to restore it surely and absolutely, you 
have weakened your gun to a dangerous jxjint and 
rendered it unfit for the pressures it was made to 
withstand. The same tiling applies to the removal 
of metal at vulnerable points. To insure your 
safety as well as the other fellow’s, let us here 
consider a few rules that must never be broken. 

1. Do not draw the temper of receivers and breech 
actions unless you know how to restore it sci¬ 
entifically and surely. 

2. Do not attempt to weld or even braze appli¬ 
ances to any part of an action or receiver. 

3. Do not remove metal from any point of an 
action which is involved in the stresses of 
explosion. 

4. IVever permit a cartridge in a gun in which the 
locking mechanism is faulty. 

5. Be cautions in the remodeling of a gun to the 
use of a more powerful load than it was origi¬ 
nally designed for. 




Fig. 47 

A Springfield rifle that blew up because of carelessness. Heavy grease in chamber and barrel, plus excess heed* 

space and a soft cartridge case—a perfect combination to cause such accidents 
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6. Remember that in ninety-nine cases out of one 
hundred the higher pressures, velocities, and 
power attainable in a rifle are not required for 
any work you will call upon that rifle to do. 

7. Remember that in a shotgun, unlike a rifle, 
higher pressures add very little to range or 
power. 

8. Do not spend a moment on a firearm which is 
to be actually used, that is not substantial, cor¬ 
rectly designed and made, and capable of being 
restored to its needed strength and utility. 

9. Remember that the dividing line between black 
and smokeless powders and lead and encased 
bullets is a deadline, and marks an abrupt 
transition in the design and make of firearms. 
Never compromise this deadline. 

10. Never say “good enough” in firearms. If you 
can’t say “right,” put the job in the antique 
cabinet, or, if broken, in the junk pile. 

11. Eschew makeshifts. You have seen hundreds 
of them just as we have. All our marvel has 
been that they worked. We never expected 
they would, and some time they won't. Take 
the makeshift firing pin; did you ever stop to 
think what would happen if this makeshift 
pierced a primer? 

12. Watch trigger pulls. The trigger is the spark 
that fires the mine. Learn and teach how to 
press a trigger that offers safe resistance rather 
than reduce a pull to a point that endangers 
safety. 

13. Remember in conditioning old muzzle-loading 
rifles for use that you cannot get advanced 
power or accuracy out of these old guns by 
modern propellants or heavier charges. Stick 
to and advise a rigid adherence to the old black 
powder and the bullet that belongs with such 
rifles. 

14. It may seem strange, but people often leave 
charges in guns; therefore, habitually make 
sure a gun is empty the moment it touches your 
hands. If it is loaded, always unload it, never 
shoot the load out. 

Modern developments have made firearms as safe 
as any other mechanical device that we utilize 
today. The automobile, for instance, is in itself a 
fairly safe means of transportation, yet it has taken 
toll of countless lives, and statistics will show that 
the greater percentage of these have been caused 
through sheer carelessness. 

There are many cheap and obsolete shotguns in 
circulation that should be discarded or thrown in 
the scrap pile. Many of the old guns have been 
handed down from generation to generation. Natu¬ 
rally, there is a certain sentiment attached to them 
and their preservation is admirable. However, we 


should be able to discern between sentiment and 
danger. It is a pily, in this respect, that we do not 
feel as the Chinese do toward their ancestors; for 
then it would be sacrilege to use their personal pos¬ 
sessions. It would at least prevent a number of 
accidents that are incurred from using antique 
arms. 

One day a man came into the shop with an obso¬ 
lete double-barreled hammer gun on which he 
wanted the forearm replaced. Naturally the cost 
of the replacement was prohibitive, for he could 
purchase a modern gun for less than the price of a 
new forearm. Upon examination of the gun, I found 
that when it locked, the barrels could be raised from 
the action Viu inch. There was also an opening of 
Vz 2 inch between the barrels and action. I advised 
him to discard the gun and to purchase a new one 
for his own safety. My warning only caused him 
to become very indignant and he informed me, not 
very politely, that he had used it in its present 
condition for two seasons, and expected to use it 
several more seasons, as he simply held the barrels' 
and action together while firing! I will let the 
reader draw his own conclusions as I have mine. 

Every now and then some misguided person 
replaces a broken filing pin with a common wire 
nail, instead of sending the arm to a gunsmith for 
repairs, or to a machine-shop where they have the 
proper tools to pattern one after that which has 
been broken. I can name any number of such cases 
of gross neglect, where a person could not foresee 
the results of a sharp-pointed nail piercing a primer, 
causing the gases to rush out at the time of ignition, 
and force the nail back into the shooter’s face. If 
one should happen to see another using such a 
combination, the law of safety should be explained 
in language that a church member would not care 
to hear. 

When changes are made, such as using one of the 
old single-shot actions for modern high-velocity 
ammunition, be very careful tq see*thaC'all parts fit 
well, particularly the block where the firing pin is 
located. For instance, in fitting a new barrel for 
the .22 Hornet cartridge, or even using the old 
Winchester single-shot action that originally came 
for the .22 Winchester center-fire cartridge, since 
this is a lead bullet and a low-velocity cartridge, the 
firing pin or firing-pin hole is over Vs inch in diam¬ 
eter in the block. It fs then our first consideration 
to turn the firing pin and bush the hole so that it 
measures from •/C4 inch to % 2 inch in diameter. 
Our better judgment will tell us, after measuring 
the primer, that between the primer and firing pin 
there is only a little over %2 inch left on a side to 
hold the primer in place. This may be enough to 
hold the primer, but if the firing pin is soft, and it 
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develops a point that will pierce the primer, there is 
enough pressure developed to send the escaping 
gases back into the shooter’s face, causing a painful 
injury and possible loss of eyesight. By all means, 
figure out the area of the primer and the firing-pin 
hole and let the results prove to you that there is 
present enough metal to hold back any gas that 
should escape from a pierced primer. 

The deeply interested person will study the devel¬ 
opment of powder from the early Middle Ages up 
to the present improved military powders used in 
high-velocity ammunition. All the large powder 
companies distribute tables of the correct powder 
charges to use in certain cartridges and the weight 
of bullets. Still, some disregard these tables and 
add just a little more to obtain a higher velocity 
than the other fellow. 

I recall that when I was at the Arsenal, tests were 
made with the armor-piercing bullets against armor 
tank plates, and the different light plates were car¬ 
bonized to certain degrees of hardness. These tests 
were conducted on the artillery range. The plates 
were placed in a frame and the Model 1903 Spring- 
field rifle in a machine rest. The regular armor¬ 
piercing ammunitions would not penetrate some of 
the heavy carbonized plates, so ammunition was 
loaded with the standard improved military pow¬ 
ders, such as Du Pont No. 15, 15Vi>, 16, 17V 12 
Pyro, or No. 20, and also the later improved pow¬ 
ders under other numbers. The recommended loads 
were increased by one grain at a time, in order to 
have the projectiles go through the heavy plates. 
With Du Pont No. 16, one of the fast-burning 
powders, a load of sixty-one grains was reached 
which blew up the rifle. The action held, but the 
case blew out the rear, allowing the gases to escape 
into the magazine, opening the magazine on the 
sides, and splitting the stock from the front sling 
swivel back three or four inches from the comb, 
completely shattering the wood. The same thing is 
likely to happen if only one or two more grains than 
the given charge are added. 

I have had much of this brought to my attention. 
Men have brought in cartridge cases, after firing, 
showing the bad primer bulges, and even the primer 
flowing back into the firing-pin hole. Naturally, 
they condemn the cartridge cases, but upon ques¬ 
tioning them I find that they increased their powder 
charges one or two grains. Talking seems to be of 
little value; it is only through bitter experience that 
they will ever learn or accept the truth. 

At the present, there seems to be quite a fad for 
using old muzzle-loading rifles, and they are loaded 
with every kind of charge, from the military pow¬ 
ders to the black powders. These old guns are only 
made of common wrought iron, a grade about ten 


degrees low er than the common machinery or cold- 
drawn steel used today, and even an overcharge of 
black powder is more than they can stand. One 
was brought to my attention on which the nipple 
plug was blown out and just escaped hitting a per¬ 
son standing at the side of the shooter. I learned 
that E. C., a quick-burning shotgun powder, had 
been used, as it was much cleaner than the black 
powder which left too much residue in the barrel. 

As we know, excess grease or oil in a barrel or 
chamber will cause the first shot to be high. It not 
only runs the pressure above the allowable pressure 
recommended, but may cause excess head space 
between the bolt and cartridge cases. Very often 
you will find a soft case among the ammunition you 
are using. A soft case is one which was lodged in 
the drums of the annealing furnaces and probably 
stayed in the worm for half a day. The furnaces 
are of the rotary type with spiral drums feeding the 
cases in one end, and by the time they reach the 
opposite end they have the proper annealing for the 
following draw. This seldom happens, for such 
conditions are watched very closely, and when a 
furnace show's the least defect, it is remedied. Still, 
there may be such a condition existing, so it is best 
to use every precaution. Check your rifle for head 
space and make sure that all oil or grease is cleaned 
out before firing. 

Such a small obstruction as a cleaning patch 
placed in the muzzle of a rifle to protect the interior 
from moisture, and negligently left there, will split 
the barrel from muzzle to chamber. When a bullet 
hits an obstruction of this nature, it may be com¬ 
pared to a swiftly moving box car that hits another 
which is at rest, except that there is a propelling 
force of gas behind the bullet, and this sudden 
stoppage of the projectile hitting the obstruction 
sends the gases around the bullet, thereby opening 
the steel to allow its passage. Even the .22 caliber 
short rifle cartridge will ring or bulge a barrel when 
it comes into contact with the lodged bullet. If 
these small bullets can do this, you can imagine 
what a high-velocity cartridge would do. 

The first thought that occurs to one, when a bullet 
or part of a cleaning rod is lodged in a barrel, is to 
shoot it out by removing the bullet from a case and 
inserting the case by holding the rifle in a vertical 
position so that the powder will not scatter around 
in the working parts of the action. It is possible in 
this manner to remove an obstruction when it is 
only lodged a short distance in the barrel from the 
chamber end. The instance of bursting a great dis¬ 
tance from the chamber is due to the air space that 
is compressed with the gases which are greater in 
velocity than the movement of the obstruction; the 
whole expanding force of the gases and air concen- 
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tration at that point expands the barrel. If it is 
not possible to take the gun to a gunsmith, it will 
be best to remove the bullet, together with half the 
powder charge, and try to shoot the obstruction out, 
rather than spoil a long anticipated hunting trip. 
This, however, does not apply to a shotgun, for you 
will most certainly have a burst barrel and a ruined 
arm. 

Many pistols and revolvers are also ruined in this 
manner. A .45 Colt automatic was brought to my 
attention which had exploded in the shooter’s hand. 
The bullet was lodged half-way in the barrel, so he 
tried to shoot it out. The barrel opened at the 
bottom, split the underside of the frame, and folded 
it back to the trigger guard. It also blew the spring 
and guide free from the action. At times, it will 
only bulge a barrel (of course practically ruining 
the arm), but usually it means a completely ruined 
revolver or pistol. 

Very often, there is improper head space between 
cartridge head and bolt or breech block. This con¬ 
dition will manifest itself by the parting of the 
cartridge case about one-half inch from the head. 
At first a rupture will appear, which is the first indi¬ 
cation of excess head space in a chamber. Upon 
examination you will find, when the bolt is in the 
firing position, that too much space exists between 
the head of the cartridge and the face of the bolt; 
you can detect this condition by inserting shims of 
brass or copper. A good many Mausers have this 
defect, particularly the actions which were sent over 
after the war and made into sporting arms; also the 
large magnum actions that came over in the white 
and were never heat-treated before being made into 
rifles of the .375 and .275 calibers. The Springfield 
rifles or any other rifles using high-velocity am¬ 
munition turned out by the private arms companies 
have the correct head space, as they use gauges to 
determine this chambering to the minimum length; 
and since they have a rigid inspection in such fac¬ 
tories, there is never any danger of this defect. 
When there is only 0.004 inch tolerance, it neces¬ 
sitates picking out a number of cases in order to 
come to some conclusion as to the proper head 
space. 

The most prominent defect of the Model 95 
Winchester rifle using the Model 06 ammunition, 


was that the frame of this arm spread until the 
cartridges parted in the chamber; as a result it was 
necessary for the Winchester Repeating Arms Com¬ 
pany to discontinue this model. There are still a 
number of them in the hands of American sports¬ 
men, but sooner or later they open up to such an 
extent that they are discarded. 

When a barrel wears out on a high-velocity rifle, 
many persons with limited means will look around 
for bargains, and of course, nine times out of ten, 
they never get a barrel to fit the action they have. 
Following the various suggestions of their friends, 
they either sweat or shrink a collar on the chamber 
end and then thread the barrel to fit the action. If 
you will conduct a little experiment of your own, it 
will demonstrate better than any description, just 
what results will follow from doing this. Take a test 
piece of the same size, with the same hole in the 
center. Sweat or shrink a collar to this piece and 
then take it to a place where they have a good 
hydraulic press and you will be surprized to learn 
what little force it requires to tear them apart. In a 
high-velocity arm there is a pressure of 50,000 
pounds developed; by adding 50% for a margin of 
safety you will note that such an operation falls 
short of these figures. Do not think that the ama¬ 
teur alone is responsible for these ideas. Far from 
it, for generally they originate from others that are 
in a position to know better. The first .50-caliber 
gun which came to the Arsenal from the Springfield 
Armory had just such a collar shrunken to the end 
of a .50-caliber barrel, and upon the first shot for 
velocity, the barrel was stripped from the collar 
and landed seventy feet down the range. They had 
made doubly certain of the shrinking operation by 
placing taper pins on each side. These were sheared 
off as clean as tho cut by a chisel. Picture what 
damage would occur to the shooter’s hand by a 
barrel breaking loose from a receiver in the act of 
firing. 

The man capable of becoming proficient in the 
handling of firearms will require no special rules for 
his government in this matter. Rules are for the 
careless individual, and yet one could give such a 
person a book full of them and he would then find 
something that no one else has ever discovered. 
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Selection of Woods 


T HE conditions governing the selection of wood 
for gunstocking are so exacting that one’s 
choice in the matter is practically determined in 
advance. The wood par excellence is walnut, and 
there is no substitute. Walnut seems to be pur¬ 
posely designed for gun stocks. No other wood or 
material possesses all the qualities that are de¬ 
manded by the gunsmith, and nothing better could 
be desired. The growing scarcity of this wood, 
especially the European varieties, which have been 
drawn upon for centuries, has caused intensive 
search to be made for substitutes, and the forests of 
the whole earth have paraded their finest growths 
only to have it more firmly demonstrated that wal¬ 
nut is king of them all. 

The chief qualifications in the wood to be used 
for stocking are as follows: It must be tough and 
very strong, for gunstocks arc much cut up by the 
mechanisms and yet have to endure not only the 
shocks and stresses of explosion, but the hard uses 
that arc inseparable from hunting and the battle¬ 
field. It must be homogeneous and fine in its grain 
so that it may be worked down to an exact fit with¬ 
out splintering. This is particularly apparent when 
one is inletting the locks of a side-lock gun. It must 
be a wood that, when thoroughly seasoned, will 
“stay put” and not be subject to further warping, 
shrinking, and twisting. It must be a wood which 
withstands the rotting effect of lubricating oil, for 
lubricants and rust preventives are indispensable 
and continuous. It must be, in spite of its strength, 
of moderate weight, for balance is one of the prime 
requirements in a gun and this cannot be secured 
in wood that is too light or too heavy. Last but not 
least, it must have beautiful grain if it is to please 
the eye and satisfy perfectly. Strange and won¬ 
derful as it may seem, walnut, at its best, is supreme 
in every one of these qualities, and furnishes the 
greatest ornament you can place on a gun—its own 
natural, inimitable beauty. 

There are a number of species of the walnut 
tree, several of which are indigenous to America. 
That species, however, which yields the nuts which 
we call English walnuts, is by far the best. Its 
botanical name is Juglans Regia, and it is native 
to all the Central and Southern European countries 
and that portion of Asia which we designate as 


Asia Minor. It was brought to America by the 
early colonists, and, while not hardy generally 
north of Washington, D. C., there are still numbers 
of these trees scattered through the Northern 
States. Undoubtedly, hardy varieties of Juglans 
Regia can and will be developed that will thrive 
wherever the apple and peach can be grown. 
Within the last few decades this so-called English 
walnut has been extensively planted in California 
and all our nuts and eventually our gun stocks will 
be home-grown. 

Actual English walnut, that is, walnut grown in 
England, is practically non-existent so far as the 
gunsmith is concerned. There is indeed a limited 
supply, and it is good, possessing all the best char¬ 
acteristics of the wood, except the very finest 
figure; but the bulk of the best English walnut 
comes from Southern France and Northern Italy, 
together with other supplies from Eastern Europe 
and Southwestern Asia. That known as “Circas¬ 
sian” is from the last-named countries and is a 
very beautiful wood, showing perhaps the most 
splendid markings of all. However, it is not gen¬ 
erally cut and handled so well as that grown and 
cut by expert foresters in Europe, and for this 
reason it is hard to get blanks free from prevent¬ 
able defects. 

Our American black walnut, botanically Juglans 
Nigra, is a most useful variety and furnishes the 
stocks for practically all our commercial sporting 
and military firearms. With the one exception of 
Juglans Regia, it is the best stock wood extant. 
It is not generally as well figured as the European 
variety, but the most beautiful stocks are fre¬ 
quently obtained by grubbing out that portion of 
the tree where the roots and trunk join. These are 
the source of the “fancy” stocks furnished by our 
leading gunmakers. Black walnut is a dependable 
wood and fortunately relatively cheap (it would 
be a calamity not to have a constant supply avail¬ 
able for all time), but it is not—for we must not 
assume that all of the great Creator’s masterpieces 
are confined to our country—nearly as good a 
stock wood as its European congener. I am quite 
sure of myself when I say that you, Mr. Amateur, 
will do a much better job in much less time if you 
use the more compact, yet more easily worked, 
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European walnut. When machinery does all the 
cutting and profiling, the case is not quite the same, 
as a lightning-speed spiral cutter does things in 
inferior woods that hand tools only accomplish 
laboriously and slowly. 

The seasoning of wood is well understood pro¬ 
fessionally, and great advances have been made, 
especially in our own land, in artificial drying. For 
most purposes this quick method serves well, but 
where all the latent strength of the timber is to be 
preserved it is not nearly as good as the slow and 
more expensive natural seasoning. Time and fresh 
circulating air always do the best job. 

One of the chief causes of the high price of 
imported blanks is this expense of seasoning. It 
means, in the first place, a dead investment for 
several years, necessitating suitable storage facili¬ 
ties, constant inspection, and frequent handling. 
The walnut forester has learned how to cut stock 
blanks to the best advantage and he simplifies his 
transportation and saves freight or wastage by 
doing this on the ground. These blanks are sold 
to visiting buyers largely from Liverpool, England, 
who grade them and store them for partial season¬ 
ing ready for later distribution to the trade. There 
is quite an art in this preliminary seasoning, and 
it is remarkable how clearly the expert distin¬ 
guishes the hidden beauty in an ordinary-looking 
blank. Moreover, the preliminary seasoning calls 
for definite knowledge, for this is the really crit¬ 
ical stage. Excessive dryness of atmosphere would 
be fatal. At times artificial humidity must be pro¬ 
vided. The ends of the blanks must be coated 
with some sealing material such as paraffin, paint, 
or specially mixed creosote to prevent too rapid 
shrinkage, and the butt ends kept from the light. 

The gunmaker, having bought his supplies from 
the dealer, now continues the seasoning to the point 


of completion. This is practically only a question 
of time, and so each batch is dated and set aside 
for a period well in the future. As the time of use 
draws nigh the blanks are weighed at intervals, 
and not until they have become static arc they 
deemed thoroughly seasoned and ready for use. 
All this has doubled and trebled the original value 
of the wood, so we see very plainly why perfect 
stocks cost so much money. This is particularly 
noticeable in one-piece stocks where so much more 
attention has to be given to the direction of the 
grain and the continuity of the figure. This ac¬ 
counts for the apparent discrepancy between the 
price of rifle and shotgun stocks. It is very easy 
to obtain, in the smaller piece required for a shot¬ 
gun butt, the choicest figure; but when you double 
the length and ask for ten times the strength your 
demands arc far greater. Figure 48 illustrates 
shotgun butt stocks. 

A great many of you, I fear, will for various 
reasons be compelled to get your stocking wood 
locally and of local material. By all means get 
walnut if procurable. If you expect to make a 
number of stocks, buy a supply that you can cut 
up and lay aside for complete seasoning. Don’t 
get your plank too thin. To get straightness and 
cast-off in the right direction you will require a 
2 1 ,4> inch raw plank. Do not cut the piece into 
blanks until it is air-dry. It should be at least a 
year-old plank. Store your blanks inside—a loft 
over an outbuilding is good, and it is well to start 
a rack overhead in your workshop to finish their 
drying. 

There are many features that contribute to the 
great difference in the quality of walnut. Rich 
soil hardly ever produces beautiful figure; the tree 
has grown too swiftly for that. Figure, like virtue, 
seems to be the product of struggle, of adversity. 




Fig. 48 

Shotgun stock blanks, furnished by Mitchell Bosley of Birmingham, England. 
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Climate also has its effect. The walnut tree in the 
Middle States is the largest and cuts lip into the 
best merchantable lumber. Rarely, however, does 
this have the closeness of grain and the firmness of 
texture that is found in the lumber of the hotter 
and dryer Southwest. Walnut grown in high, well 
drained soil is invariably better than that grown in 
swampy ground or river bottoms. 

So, as far as you can, be very “persnickative” 
in your wood, getting the best procurable, and 
however strong the temptation, do not use a piece, 
ever, until it is as dry as the proverbial bone. 
Good stocking is the acme of all our wood working. 
You will get more real satisfaction out of this phase 
of gunsmithing than anything else, if you do it 
splendidly; so start without handicap. 

In choosing a particular blank for a specific 
arm, you will have to keep balance uppermost in 
your mind. A heavy gun forward will require 
weight at the butt, and you will need a dense 
stock; while on the other hand, a light, lively 
weapon, such as a small-bore shotgun, will need a 
light butt-stock. Weight of stocks cannot, how¬ 


ever, be entirely controlled by the wood itself, and 
it is quite permissible to reduce butt-weight by 
boring cavities under the butt-plate. This in no 
way weakens the stock. By artificial weighting 
in the same place, balance can often be improved. 

Be very careful, in selecting your stock blank, 
to see that it is free from shakes and checks. The 
former are caused either by wind strains in the 
growing tree or by carelessness in felling the tree; 
checks, on the other hand, are the result of too 
rapid drying. Both defects have an unpleasant 
habit of getting worse rather than better as you 
work your stock down, ow'ing to the fact that you 
are relieving them from the support of the sur¬ 
rounding wood; so be careful to ascertain the depth 
of these defects before placing a lot of work on 
your stock. 

There arc a number of British firms who supply 
stock blanks and who will send by parcel post to 
your door just what you order. The price charged 
is based entirely on the quality, and you will be 
treated with absolute fairness. There is no duty 
on these blanks. Our outdoor journals also carry 



Fig. 49 

Rifle stock blanks, furnished by Mitchell Bosley, of Birmingham. England 
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advertisements of several American purveyors of 
seasoned blanks of American wood. I have found 
these equally reliable. Figure 49 illustrates rifle 
blanks. 

There are a number of our native woods which 
have been used at various times for gun stocking. 
The early American gunsmiths were partial to hard 
maple, especially when they could obtain those 
beautiful freaks of nature which we call “curly 
maple'’ and “bird’s-eye maple.” There was good 
reason for this. Maple has many valuable char¬ 
acteristics; it is strong, close-grained, and in its 
own particular way, handsome. With a profusion 
of brass trimmings it toned quite well. It does not 
harmonize nearly as well, however, with the blue 
of our modern steels and colorful case-hardening. 
Its light color makes it a bit too conspicuous in 
the woods, and in my opinion it gives up most of 
its beauty when stained to a darker color. It does 
not tone down attractively by age. and it is par¬ 
ticularly susceptible to the rotting effects of lubri¬ 
cants, soon becoming “dotey” when impregnated. 

The selection of a wood depends upon the per¬ 
sonal taste of an individual. Some like the Amer¬ 
ican black walnut, others the foreign walnut, and 
still others admire such woods as cherry, apple, 
mahogany, maple, etc. A list of all the woods, 
not only for gun stocks, but inlays and cabinet 
work, etc., may help the reader to make better 
selections. Some of the woods can be used for 
experimental purposes. 

The weights given in this chapter on woods are 
the weights per cubic foot in pounds. The ideal 
weight of wood for a gun stock is between 37 and 
48 pounds per cubic foot. All substances are 
judged by this method, and the gunsmith must also 
judge his stock blank by this rule. All figures are 
taken in the dry state. 

Almond Wood — Weight 42 pounds. Cuba. 
In texture, weight, and general character it reminds 
one of Cuban mahogany, hut differs greatly from 


this in its color, which is grayish-brown and is 
marked with bluish streaks. All blanks display a 
more or less wavy and curly grain, with those 
forms of rich figure that are commonly designated 
as “roe” and “splash mottle.” A very fine wood 
when one wishes something a little different in a 
presentation stock. 

Amboyan — Weight 39 pounds. Borneo. The 
name Amboyan or Kiabora wood is applied to cer¬ 
tain burrs imported from the Moluccas (including 
Amboyan) and Borneo. The wood is brown, 
tinged with yellow or red, but changes with age to 
a dull brown-leather color. It is marked with little 
twisted curls and knots in a manner similar to, but 
more varied than, bird’s-eye maple. With the 
naked eye it is difficult to distinguish between the 
burrs of Amboyan wood and Thuya, or even yew; 
but tho the burr wood of the yew is similar to that 
of the other two as regards color, it is, neverthe¬ 
less, unlike them in all other respects. Amboyan 
wood has been freely utilized in the manufacture 
of ornamental or costly furniture and for the inte¬ 
rior decorations in motor cars. This wood is very 
fine for decoration on firearms such as forearm 
tips, pistol-grip caps, and inlays. It is rather 
expensive in large pieces. 

Beef Wood — Weight 59 pounds. British and 
Dutch Guiana. The wood from British Surinam 
is the best quality. It is a dull plum-red color 
and in this respect somewhat resembles raw beef. 
It is a very durable wood and stands exposure. It 
is one of the best woods for cleaning-rods, handles, 
and other useful articles, because when it is turned 
thin it is still very strong. 

Apple — United States. This has its individual 
qualifications. It is a very close-grained wood and 
most homogeneous. It inlets beautifully because 
of its matted fiber. It works well and is a strong 
wood, but has no natural beauty, being neutral in 



Fig. 50 

Caliber 6.5 mm. Slevr action. Twenty-six-inch barrel made by Rigby. Stock ol plain French walnut 
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Fig. SI 

Light caliber 30 06 Springfield designed by Dr. George Quay. Weight. 6 pounds 14 ounces. 

with much character. Small knot-holes wero tilled with ivory 


Slock of Circassian walnut 


color and devoid of ornamental grain or figure. It 
is not on the general market and consequently is 
hard to come by. 

Bedd — Weight 46 to 58 pounds. India. The 
heart wood is very dark red, very hard and close- 
grained, beautifully mottled with light and dark, 
i.e., black and orange streaks. It seasons well, 
works and polishes admirably, and is distinctly one 
of the finest and most beautiful woods in India. 
This wood can be used for a stock on a rifle or 
shotgun when one wishes something just a little 
different. 

Benteak — Weight 53 pounds. West coast of 
India. This wood is a warm brown color similar 
to that of black walnut, and has a smooth close 
texture and straight grain. It is highly suitable 
for decorative furniture and gun stocks, and could 
be used where black walnut is required. This wood 
will take checkering very readily. 

Blackbean — Weight 40 pounds. New South 
Wales, Queensland. The merits of this timber are 
well known in Australia, and some of it is sent 
over here and sold as myrtle for gun stocks. Black- 
bean or Castcnospcr Mum Australe has an attrac¬ 
tive appearance showing various shades of brown 
traversed with black streaks, and is often beauti¬ 
fully mottled so that it resembles slightly bleached 
East Indian walnut. A gun stock of this wood is 
rather beautiful. It works well with edge tools. 

Blackwood, African — Weight 89 pounds. 
Tropical Africa. This is a dark purple plum- 
colored wood, now imported from Mozambique 
and the east coast of Africa, known for this reason 
as Mozambrane ebony. It is mostly suited for 
turning, as it is very hard, close, and free from 
pores, but not destructive to the tools. When they 
are in proper condition the wood receives a bril¬ 
liant polish. Tt is considered free from any matter 
that will cause rust. On tins account it is used for 
the handles of surgeons’ instruments. It is used 


also for fine inlay work on firearms, forearm tips, 
pistol-grip caps, handles for fine tools, and grips 
for side-arms. 

The blackwood of Australia is just half the 
weight of the African blackwood, and in color it 
varies from a rich reddish brown to nearly black, 
banded with golden brown; sometimes it is brown 
and red with dark streaks, and may show a metal¬ 
lic luster. Its grain is close and often curly, and 
it appears to be somewhat cross-grained, so that 
the wood often shows a beautiful figure and mottle. 
This class of wood is used more for fine cabinet 
work when one wishes a dark wood in an excep¬ 
tionally fine product. This is one of the strongest 
woods, and can be successfully used in many ways 
when strength is required. 

Beech — United States. This has probably been 
the commonest substitute for w'alnut in gun work 
by backwoods gunmakers. It was a very usual 
wood in the old military muskets of muzzle-loading 
days. It is a serviceable wood for its strong qual¬ 
ities. It is of proper weight, and has an interlaced 
fine grain that permits close work without danger 
of splitting. It is neutral in color and devoid of 
natural beauty. It is purely utilitarian and is 
never used when better woods are available. 

Birch — United States. This, like cherry, has 
many fine characteristics. It is a strong, firm 
wood, pleasant to work with and amenable to a 
good finish. It is generally available in seasoned 
stock; sometimes a freak plank displays good 
markings, but this is unusual. It has no natural 
beauty, but can be stained to the color of walnut 
or mahogany very readily and successfully. Stain¬ 
ing, however, requires a varnish finish, and this is 
not to be recommended. 

Cherry — Weight from 33 to 45 pounds. United 
States, Europe, Asia Minor. This wood when first 
cut is light red or pink, has a close firm texture, 
and is capable of a very high surface polish. It is 
mostly used for chair making and for the backs of 
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brushes when stained with lime, oiled, and var¬ 
nished. It is also used for common and even the 
best furniture. The wood of the blackheart cherry 
tree is considered the best grade. This wood was 
used by the early American gunmakers. There 
seemed to be a fad existing between 1830 and 
1860 for cherry stocks on the muzzle-loading rifles 
of those dates, when these rifles were made by the 
backwoodsmen themselves. Cherry is a much 
easier wood to work than curly maple. I have seen 
a number of such stocks on these antique arms 
and could not help but admire their beauty, as the 
workmen had finished the wood by various meth¬ 
ods. Today, with our advanced knowledge of 
woods, we would not care to stock a rifle with a 
cherry blank. 

Wild Cherry —Weight 41 pounds. United States. 
This too had its admirers, and when it was plenti¬ 
ful, which it was until thirty or forty years ago, 
there were opportunities to select pieces of good 


Curly Ash — Weighs 38 pounds. United States. 
T his is a most beautiful wood when you can find 
one of the logs which exhibit this unusual but 
marvelous figure. Ash varies greatly in its weight 
and denseness. It is a strong wood for its weight, 
and this is why it is in universal use for implement 
handles. It is usually coarse and straight grained, 
two characteristics which make it unfit for a good 
stock wood. It is also light in color and so is 
generally unpopular in gun work. 

Ebony, African — Weight 78 pounds. West 
Coast of Africa. This wood is sent over in billets 
and short logs with the centers left in. The billets 
are from about 5 to 10 inches wide and from 2 to 
7 inches thick, the logs from 2 to 13 inches in 
diameter. Gaboon is a good black ebony of fine 
grain. Ebony is a handy wood to have around the 
gun shop, for it is possible to do so many inlay 
jobs with this black wood, particularly when used 
with ivory to offset the wood. You can not make 



William Ford 20-gauge double. 


Fig. 52 

Restocked with beautiful piece ol French walnut oi unusual figure and color, and 
perfect markings on both sides 


color and texture which made rather good stocks. 
Wild cherry is a hard firm wood with little grain, 
and it is a delightful wood to work with, as it cuts 
clean and takes a good polish. It also, when dry, 
is very stable. It is not a strong wood, usually has 
very little figure, is often marred by “gum 
pockets/’ and nowadays is scarce in most markets. 

Cocobolo — Weight 85 pounds. Tropical South 
and Central America. The striped heart-wood 
shows alternately bright orange and deep red 
bands, the latter being often streaked with dark or 
even black veins. Its rich, handsome appearance 
sometimes has the effect, both as to color and 
markings, of tortoise-shell. It is hard and heavy 
and yields a fine finish. When well polished this 
is a bright wood and is used for such parts as 
forearm tips, inlays, pistol grips for revolvers, also 
handles for fine tools. 


a more beautiful pistol grip of any other wood 
when you inlet elongated pieces of ivory about 
V& inch wide through the center of a cap, for it 
stands out so distinctly with an ivory center. 

Holly — Weight 47 pounds. Europe. This wood 
is white to gray in shade, is exceedingly close- 
grained in texture, and capable of a very light sur¬ 
face polish. Holly is chiefly valued for inlay work 
and is the whitest and most costly of woods. When 
fine walnut is inlayed into holly it gives a fine 
contrasting effect. 

Mahogany — Africa, Cuba, Central America, 
Honduras, West Indies. This wood might suggest 
itself to many of you, owing to its universal appeal 
in the best cabinet work. It is easily the king of 
cabinet woods. It has, in some varieties, the 
utmost beauty in grain and color, ranging from 
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light cherry to reddish brown, and is reliable, for 
when seasoned it “stays put.” Mahogany is really 
a generic name, for it is the product of a number 
of trees, botanically quite distinct. The mahog¬ 
any of commerce ranges all the way from the soft, 
plain “buy wood” of Honduras to the hard, beau¬ 
tiful San Domingo type which is now almost 
unattainable. The African varieties are also splen¬ 
did cabinet woods, often with fine figure, but do 
not possess the lovely color of the West Indian 
varieties. It would be folly to say that there were 
not odd specimens of mahogany that would meet 
the gunmaker’s requirements admirably, but this 
would only be the exception that would prove the 
rule that mahogany is not a suitable material for 
stocks. 

Maple — Weight 38 pounds. United States and 
Canada. The best is always asked for and some¬ 
times obtained. It is termed in specifications 
“hard, white, rock maple.” A considerable quan¬ 
tity is found with a curly, twisted grain, and is 
knowm as “curly” or “bird’s-eye maple.” This 
variety is much in demand for veneers and deco¬ 
rative work. A particular variety of a wavy, curly 
grain without bird’s-eye markings has also been 
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can Stink-wood — Nearly all the wood imported 
into the United States and sold as myrtle is the 
Australian blackbean. This species of wood is 
very easy to work with edge tools, takes a beautiful 
polish, and checkers well. The grain runs very 
dose and is of a fine texture. These woods have 
come nearer than all other tropical woods to the 
standard set by walnut. But for various different 
reasons they must stand aside and bow to his 
majesty, “Royal Walnut.” 

Osage Orange — Weight 48 pounds. North 
America. The wood is a bright shade of orange, 
deepening with exposure to air and light. It is 
rather lustrous and very pliable and elastic. The 
fruit is green, orange-shaped and large, with a very 
warty appearance, and late in the fall of the year 
the fruit still hangs to the tree. It would be well 
for one living in a district where these trees grow 
to cut and cure one, for it is useful in the con¬ 
struction of bows to take the place of yew; in fact, 
it is known as bois d’arc (bow wood). It is also 
for ramrods for muzzle-loading rifles. 

Oak — Weight 52 pounds. United States. This 
grand timber has great qualities, but none of them 



Fig. 53 

Savage caliber 25-3000 bolt action rifle, restocked with bird's-eye maple 


called “papapses wood,” and this is in demand for 
gun stocks at the present time. The early Amer¬ 
ican rifle makers and gunsmiths used this wavy, 
cfrrly grain on their best stocks from the flintlock 
to the percussion period. In those days maple 
seemed to be the wood mostly used even for the 
finest furniture. I have made up rifle stocks from 
this class of wood, but do not encourage a pro¬ 
spective customer to use it, as it is so much harder 
to work than the walnuts. I must admit tho that 
there seems to be something in our blood that 
makes us admire this wood, for when a rifle stock 
is made from a fine curly piece of maple, it stands 
out and apart from all other woods. 

Myrtle. Queensland Honeysuckle, and Airi- 


such as would recommend it for gun work. Of all 
the oaks, the wood of the live or evergreen oak of 
the Southern States doubtless lends itself best to 
gun work, as it is very tough and closer grained 
than the deciduous varieties. Oak, however, is a 
wood for large surfaces, and “big” uses. It is not, 
in nature’s scheme, a wood for little things, but 
it is chief of our native woods that might, in a 
pinch, be used as gun stocks. None, however, are 
in all ways as good, and few in any way as good, 
as walnut. 

Paduka — Weight 53 to 59 pounds. Burma. 
This wood is the product of the true forest paduka 
tree. The wood varies in color from a bright 
yellowish red to a dark brick-red and is sometimes 
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Fig. 54 

Restocked Krag rifle. Model 1898 Springfield. Beautiful stock of richly figured Circassian walnut. 

structure of grain in the wood 


Note perfect 


streaked with brown. For any one who likes red, 
this class of wood has the proper shade with dark 
streaks. 

Persimmon Wood — Weight 49 pounds. North 
America. This is the ebony of America. Persim¬ 
mon wood is the most suitable for shuttles, because 
it wears smooth, is hard, strong, tough, and of the 
proper weight. Sometimes the amateur gunsmith 
is a golf enthusiast, and it is a hard matter to find 
a better wood than this for golf-club heads. Very 
rarely a few pieces are found that have a hand¬ 
some marking of light yellow, brown, and almost 
black streaks. The nearest resemblance to this can 
be found in a selection of highly striped ebony or 
Coromandel wood. 

Plum — Weight 54 pounds. Europe. There are 
many wild species of plum, but all are more or 
less similar. It is a very handsome wood and is 
not valued as highly as its undoubted qualities 
deserve. It is a reddish brown with darker and 
lighter streaks of the same color and is occasionally 
varied by some yellow'. No tree of this nature 
should ever be wasted or burned, even in America, 
as it frequently can be used by the gunsmith for 
some decorative work on gun cabinets and to carry 
out other ideas which come along from time to 
time. 


Rosewood — Weight 53 to 65 pounds. India. 
It is generally known as East India rosewood or 
as Malabar or Bombay rosewood. It is also occa¬ 
sionally termed Bombay blackwood. The color is 
variable, ranging from light red to a deep rich 
purple, and streaked with every shade from golden 
yellow to almost black. The chief use for this 
wood is for furniture, as it takes an exceedingly 
fine polish. It is so heavy that it is seldom used 
solid in any but small articles, and is known to 
us chiefly in veneers. It is very hard to work, is 
brittle, and far too heavy for gun stocking. 

Satinee — Weight 54 pounds. French Guiana. 
This valuable highly decorative wood reminds one 
of curly maple, except that it is of greater beauty. 
The color is a light red w'hich bleaches a little and 
assumes a very bright luster or sheen, especially 
when treated with a thin transparent polish. There 
is always a slightly marked, narrow shade of roe 
caused by the contrary soft and hard grain. With 
this figure in the wood, beautiful stocks can be 
made up—stocks to delight the person who has a 
liking for fancy maple. 

Walnut, European — Weight 40 to 48 pounds. 
N. W. Himalayas, 41 pounds; Sikkim, 33 pounds. 
Great Britain, France, Italy, Turkey, Caucasia. 
India, China. 



Fig. 55 

Model 1898 Springfield remodeled. Wood, very plain piece ol American walnut 
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In color this varies from light grayish-brown to 
dark brown. It is often traversed by black and 
golden or golden-red streaks and stripes, or is 
beautifully mottled and shows a wavy, roe grain. 

Walnut requires some time to season, and 
shrinks considerably during the process; yet when 
subsequently exposed to drying or moistening in¬ 
fluences it stands up excellently, and it is exceed¬ 
ingly difficult, if not impossible, to find another 
wood possessing this attribute to the same degree. 


growths showing black lines which curve and twist 
into fantastic shapes. These forms are what is 
termed “blister" or "snail" figure. Other unusual 
markings also occur. The color is somewhat similar 
to that of French walnut, but it nearly always has 
a golden tinge. By careful selection, a yellowish 
brown or golden tint can be obtained which is 
quite unique. When this wood is carefully selected 
it makes a very fine rifle or shotgun stock, rather 
light in weight. 



Fig. 56 

Model 1903 Springfield rifle remodeled into sporting type. Stock of French walnut, not of the finest figure, yet not 

lacking in character 


For this reason it is the best wood known for shot¬ 
gun and rifle stocks. After the stocks have been 
cut out and shaped, the wood retains its form and 
shape exactly, so that the rifle barrel and receiver 
or the shotgun locks will drop into their position 
and rest without bending (lie locks or throwing 
the barrel out of line. Xo variation in climate 
affects this. 

The combination of characteristics which confer 
on walnut its reputation of being far the best wood 
for gun stocks may be summarized as follows: 

1. Relative strength, toughness, and elasticity, 
which provide the power of resisting shock. 

2. Appropriate weight, which gives proper bal¬ 
ance. 

3. Relative freedom of the seasoned polished 
wood from any shrinkage, swelling, or splitting 
when exposed to wetness, dampness or heat. 

4. Uniform texture and appropriate hardness, so 
that the wood is readily cut into delicate shapes, 
yet yielding a smooth surface which is easily 
plugged by polish. 

5. Hardness necessary to prevent the wood from 
being dented. 

6. Lack of brittleness or tendency to split, which 
decreases the danger of fragments of wood being 
knocked off. 

African Walnut —Weight 30 pounds. West coast 
of Africa. The woods which are obtained from 
Benin and Lagose show a large portion strongly 
marked with stripes or roe, which, t'no sometimes 
straight, is more often broken up into irregular 


Black Walnut —Weighl 37 pounds. North Amer¬ 
ica. This wood is so familiar in this country that 
a detailed description would almost appear super¬ 
fluous. The color, which is of a more uniform tint 
than the Kuropean wood, is a rich purplish brown. 
The beauty of the color is apt to deteriorate under 
the unfortunate and ill-advised use of shellac or 
French polish as employed by some of the arms 
companies; altho admirable for some woods, this 
is quite out of place with black walnut. A limited 
quantity of burrs or “burl” is still obtainable at 
extraordinarily high prices. During the European 
war, black walnut, besides being largely used for 
rifle stocks, was employed to a great extent for 
propeller blades for aircraft. The demand was so 
great that supplies rapidly diminished. 

The black walnut that comes from Texas, Cali¬ 
fornia, and other States that have a hot dry cli¬ 
mate, is the best. The black walnut that comes 
from Ohio, Pennsylvania, New York, Iowa, and 
other States where freezing weather occurs, is a 
very dark, porous wood. When working such wood 
you will notice in the sunlight a fine crystal effect. 
The walnut that is grown in the warmer climate 
and does not freeze has the finest grain, is much 
harder, and of a lighter figure, providing it is 
grown on the high ground away from water where 
the soil is more or less rocky. Consider the stocks 
on the Springfield service rifles: this class of wood 
is allied the “Mississippi river bottom walnut”; it 
is porous, a quality due to the low swampy ground 
and a quick growth. This is a very familiar tree 
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Fig. 

Caliber .22 made on a Martini action. Turkish walnut. 

in the rich lands of the Mississippi basin; but 
because of the locality in which it is grown, the 
wood has a figure that is not the hest for gun 
stocks in which you would take great pride. From 
the standpoint of beauty there is not a walnut that 
can compare with the foreign woods. True, some 
American or black walnut has a wonderful figure, 
but still you do not find the rich color that you do 
in the Circassian, French, English, or Italian wal¬ 
nuts. These are more expensive, but are well 
worth the difference because of the dense grain and 
strength of the wood. Whenever one wishes the 
best, he seeks the best, regardless of where it comes 
from or what the price. 15lack walnut is all right 
in its place as a beautiful piece of wood when 
given the special finishes supplied by all the gun 
manufacturers, but if you try to secure a fine oil 
finish, it becomes very dark and loses the effect it 
had before the oil was applied. 

Circassian Walnut —In England the Italian wal¬ 
nut has always held the reputation of being the 
finest in quality, color, and figure; nevertheless, 
by far the largest part of the best wood in all 
respects is that coming from the Caucasus. 

'I'lie walnut imported from Circassia has long 
been the best, and especially that Circassian which 
actually comes from the district of Poti. This 
supply of late years has been much reduced, and 
most of the so-called Circassian walnut has in 
reality been Georgian, Mingrelian, Imerethian, 
Gourian, and Abasian, all coming from districts 
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This wood is very dense, hard, and straight-grained 

much farther east and farther distant from the 
seacoast. The traders in wood in these countries 
have been generally very astute, and it has been 
exceedingly difficult, unless the trade has been 
carried on by Englishmen, to discover the real 
source of the supply; as a result, many disputes 
and difficulties have arisen. Every year the sup¬ 
ply becomes scarcer, while the quality deteriorates 
so that the walnut of the better class will soon 
become unobtainable unless some new source of 
supply is found. This is the case with other val¬ 
uable figured woods, as the greater part of the 
wood finds its way into furniture and similar work. 

Without examination of a great many samples 
of each kind it is impossible to distinguish any 
structural features characteristic of the wood of 
different countries, for in the same country the 
wood varies considerably both in this respect and 
in weight. When you are working Circassian wal¬ 
nut you will find that you can detect it among 
other walnuts. Circassian walnut is one of the 
best woods for gun stocks, as it lias that rich brown 
color with the dark lines well broken; and when 
you have a gun stock made from a piece that shows 
a coon-tail effect together with a mottled figure, 
you have one of the most beautiful stocks that can 
be secured. I use more of this class of wood than 
any other for gun stocks, because even in the lower 
grades the color is pleasing to the eye. Naturally, 
the British control the available supply of this 
wood for gun stocks, blit you can secure from 



Fig. 58 

Francotte 12-gauge double shotgun. Slock of beautiful Circassian walnut, colors ranging from reddish orange to black. 

Wavy character on both sides 
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England blanks of this wood at prices ranging 
from four to forty dollars, and as the British are 
most upright people to deal with, you can always 
expect to receive true value. 

East Indian Walnut —Weight 47 to 60 pounds. 
India. It is a hard, dense, close-grained wood of 
a dark brown color, with black and gray streaks. 
It usually has a curly, wavy grain. Often it con¬ 
tains the characteristic figure of mahogany which 
is commonly known as roe and mottle, sometimes 
with a very pronounced and strongly marked fiddle 
mottle, file wood has a smooth yellow appear¬ 
ance. It has been used in this country for decora¬ 
tive work and furniture, especially by the Pullman 
Company in coaches, where it is known by the 
names of Koko and Laurel wood. It is not, how¬ 
ever, suited to some of the purposes to which 
European and American walnut is put—for rifle 
stocks, for instance. It is too hard, brittle, and 
heavy. 

English Walnut —A native of the temperate 
regions of the northern hemisphere. The nuts of 
the various species are well known. The wood 
varies considerably in quality, texture and color, 
according to the place and soil on which the tree 
grows. A much larger proportion than is usually 
recognized of finely figured, blood-colorcd British 
wood can be obtained. Its commercial culture in 
this country is practically confined to California, 
tho it is grown in widely scattered sections of the 
country. A hardy variety is grown in Oregon. 
The English walnut of Europe is of the same 
species and shipped under the trade name of Eng¬ 
lish walnut. As this wood makes very fine gun 
stocks, it remains one of the most valuable of 
woods. Having in mind the world-wide demand 
and universal depletion of supplies, the planting 
of walnut trees should have an important place in 
any future scheme of reforestation. For those who 
live in a suitable climate with land available, what 
better plan could be carried out than to plant these 


trees along the line fences for future generations? 
It is far better than a trust fund for those who 
are to inherit such property. 

French Walnut —This wood is for the most part 
light-colored and straight-grained. The relatively 
small amount of finely figured French wood avail¬ 
able is practically all absorbed by Paris and Mar¬ 
seilles for veneers. Recently a great amount of 
decorative architectural work has been executed in 
plain French walnut. The quiet gray color and 
straight grain produce a dignified and restrained 
artistic effect and particularly suit the modern style 
of cabinet work. You can always tell the French 
walnut that comes from the southern part of 
France, as this part of the country produces the 
finest, and when it is possible to get a blank from 
this source of supply you must pay a high price 
for it. 

Italian Walnut —While this is most generally 
named in architectural and other specifications, it 
is actually very rarely obtained. Formerly it in¬ 
cluded a large proportion of dark-grained figured 
wood, but of late years supplies of all kinds have 
been greatly reduced and the quality in all respects 
has very much deteriorated. What little Italian 
walnut is available is of poor quality; it is much 
better to use the best of Circassian walnut for the 
finest gun stocks. 

Spanish Walnut A regular but not a large quan¬ 
tity of wood has been imported from Spain. The 
general quality and conditions are the same as the 
French, from which it is difficult to distinguish, ex¬ 
cept that on the whole the shipments have consisted 
of sizes more irregular in width and length and 
contained more faults with a much larger percent¬ 
age of sap-wood. 

Turkish Walnut —This most nearly resembles 
the French walnut, but includes a greater propor¬ 
tion of figured wood. The last shipment coming 
into this country which T examined was a poor 
grade, and when a well figured stock was found 



Fig. 59 

A Charles Daley three-barreled gun. Stock o! plain figured French walnut 
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Fig. 60 

Joseph Lang 12-gauge trap gun restocked with fine Italian walnul. Character of wood presents 

wavy appearance in certain lights 


there was always a very definite defect somewhere. 

Yew, British — Weight 43 to 50 pounds. Eu¬ 
rope . 

The color is a pale red somewhat like cherry- 
wood or pencil cedar. If has a beautiful, smooth, 
lustrous grain. It is sometimes beautifully figured 
and occasionally has a burr growth. The product 
will compare favorably with Amboyan, and lias 
often been mistaken for it. The strength and 
elasticity of yew wood has been known for centuries 
particularly on account of its use for bows, and of 
course a number of amateurs who work on guns 
also make their own bows, so with this wood in 
mind you have the best, providing you can secure 
the fine strong grain. As yew wood ages it becomes 
as hard as steel and has a dark beautiful color. 

You may not only secure the well seasoned wood 
in blanks, but you may also wish to secure the 
wood in the log as well and season it yourself. So 
it is well to have a clear idea as to the meaning 
of the term “seasoned,” as particularly applied on 
one hand to a piece of wood, small in thickness, 
and on the other hand to a log or beam. The small 
piece when seasoned is more or less dry from the 
outside to the core, whereas the wood of the “sea¬ 
soned” log is by no means necessarily so. This 
latter fact is rendered comprehensible by a con¬ 
sideration of the sequence of events during the sea¬ 
soning of a log. While the log has been exposed 
to sufficiently dry air, it loses water by the evapo¬ 
ration which takes place over the whole surface, 
but most actively at the two ends. When the bark 
is left on the log, evaporation is excessively slow, 
save where there are cracks or at the ends. As the 
moisture is lost at the surface, the drying-up super¬ 
ficial wood receives water from the interior. Rut 
as time goes on, it receives less and less: the log 
then, when protected from outside moisture, as¬ 
sumes a condition in which it is relatively dry ex¬ 
ternally and relatively moist in the middle. This 
condition may endure for years, possibly for dec¬ 
ades if the wood is dense. Thick walnut trunks 
when cut open after being stored indoors for years 


are often found to be thoroughly wet in the middle. 
Even if such logs are described as seasoned, their 
wood cannot be so described when the log is cut up. 
The resulting pieces, including the moist center 
wood, will shrink and are liable to split in the 
same manner as unseasoned pieces. Yet such “sea¬ 
soned” logs are very different in properties from 
freshly felled specimens. This is clear when it is 
remembered that: 

1. Deformation, warping, and cracking are in 
the beginning caused by premature rapid drying at 
the surface. 

2. Dry wood is stronger than wet wood, and 
in mechanical structures the important matter is 
to have the external part strong. 

3. Wood-destroying fungi, causing rot, gain en¬ 
trance solely through moist wood. 

4. It is possible that wood seasoned slowly is 
superior in mechanical properties to wood rapidly 
seasoned. It is also certainly less liable to split 
during seasoning. 

Thus the seasoned blanks on all gun work, when 
obtained from the dealer as seasoned wood, should 
be placed in a warm, dry place and not used for 
a considerable length of time. You must under¬ 
stand that gun work as a hobby is not taken up 
merely for six months or a year, but is continued 
over a period of years. There is evidence that 
wood first partially seasoned in the bulk and then 
fully seasoned after being sawed is much inferior 
to that which is felled, brought straight to the 
saw-mill, sawed at once, then seasoned. It is far 
more economical to season blanks and small pieces 
in the latter manner. The time required to season 
walnut properly varies so greatly according to the 
different kinds and sizes and the position in which 
it is placed, that it is impossible, almost, to lay 
down any general rule. A very rough manner of 
reckoning has been generally accepted, which 
allows one year for each inch of thickness, but 
this is not reliable. 

The cjuestiun has often arisen, Which is better— 
natural or artificial seasoning? Artificial season¬ 
ing having now been presented, comparisons can 
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be made between it and ordinary air seasoning. 
The question must be considered both from a tech¬ 
nical and a commercial point of view. It is in fact 
practically impossible either for the professor with 
his microscope or the practical timber man with 
his knife to tell the difference between naturally 
seasoned timber and properly artificially seasoned 
timber, if the surface is planed off. Naturally the 
chief technical advantage of artificial seasoning is 
that it is possible to obtain with considerable pre¬ 
cision any degree of dryness which may be re¬ 
quired for a particular purpose. For gun stocks 
we must have the walnut completely dry, so that 
there can be no possible chance of shrinkage. Tn 
the light of commercial interest there are argu¬ 
ments favorable and unfavorable to be adduced. 
The solution rests less in discussing this disputed 
question than in turning to consider which type 
of seasoned timber is of the greater value. It is 
well known among those who have carried out high- 
class work, that besides making every effort to 
keep a sufficient stock of thoroughly natural sea¬ 
soned wood, one should always see that the wood 
undergoes a certain amount of artificial seasoning 
before use. Of course this question rarely affects 
the amateur who secures only a small amount of 
wood, but it is for the man who figures far ahead 
and has the proper place for the natural seasoning, 
such as an attic or a place where a fine circula¬ 
tion of air is possible. As supplies of different 
wood are added, they are to be labeled with the 
date so that a complete record can be kept. 

When selecting blanks from high-grade pieces of 
wood in the log, it is far better to consult those 
who know the proper method to quarter-saw and 
board-saw the limber, for if you do not saw these 
for figure and strength, you will note that the quar¬ 
ter-sawed planks have the edge grain presented on 
the flat surface, while the others have the edge 
grain on the edge with the layer carried by the 
annual ring formation showing on the flat sides. 
Edge grain as presented in the quarter-sawed plank 
is stronger if the strain is brought to bear against 
the flat sides. Since the strain on a stock usually 
comes in the direction of the bend at the pistol 
grip, it is found that the board-sawed planks are 
better adapted to resist the strains at that point. 
But if one so wishes, quarter-sawed planks can be 
selected to obtain the finest results without any 
danger of breaking as explained. Walnuts have a 
great margin of strength, particularly when the 
stock pattern is correctly laid out on the wood with 
due consideration for the direction of the grain. 
You will find places where you can lay out your 
pattern to secure the curly twisted grain coming 
up to the grip and out from there, a straight grain 


going to the end of the forearm. Your choice may 
be the board-sawed to secure the opposite effect. 
With these facts in mind, selection is a matter of 
individual taste. Figure 61 shows patterns to be 
used when cutting blanks. 

In cutting a blank from a plank, always make 
use of a templet. This you can cut from a piece 
of thin, soft wood. By using it you can prospect 
your plank in all directions and decide how best to 
cut 3'our blanks. You will not only be able in this 
way to get straight grain in the “hand'’ of the 
stock and figure, where figure shows to the best 
advantage, but by reversing your pattern you will 
be able to see just where you can save lumber and 
get results. This is very much safer and easier 
than guesswork. A perfectly sound tight knot, if 
surrounded as it often is by fine markings, is not 
entirely objectionable in a stock, but you will see, 
of course, that it does not occur where strength is 
needed. Your templet will enable you to judge this 
perfectly. 

Checkering and polishing are two operations 
which must always be in one’s mind when one 
thinks of stock wood. Good sharp checkering is 
almost impossible in open-grained, soft wood, and 
when it comes to the modern and durable oil finish, 
you will find that the work of getting a surface 
and a polish is primarily in getting the right kind 
of wood. This last operation is far from being an 
inexpensive one, and the saving in labor easily pays 
for more costly but suitable wood. Incidentally, I 
might say that your checkering will be determined 
in some degree by the material you are working 
on. Don’t attempt too fine a checker on open- 
grained wood: this applies to American walnut. A 
shallow checker with obtuse grooves will be easier 
and safer. Only in firm and dense woods will fine 
checkering be possible and suitable. 

The virtue of planting trees has long been rec¬ 
ognized, and is daily being stressed by organiza¬ 
tions, societies, and various smaller circles. Forest 
preservation is taught directly or indirectly in every 
school, for timber is one of our greatest natural 
resources, and it is rapidly disappearing. If we 
turn back the hands of the clock, many of us will 
see ourselves as small children, listening to the 
story of a very wise man who planted a fig tree 
for his children and grandchildren. The man who 
owns land today—and it does not matter in what 
part of the country it is located—may wisely plan 
reforestation with black walnut or the hardy vari¬ 
eties of English w r alnut, for the supply of these, 
more than any other, is rapidly diminishing and 
the demand is ever increasing. The virtue of such 
men will always be recognized; they create a ver¬ 
itable trust fund for those they leave behind. 
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For those who wish to embellish a stock with 
inlays (it always seems to us a sacrilege when rich 
walnut is the foundation), some of the rare woods 
are suitable and decorative when used with ivory, 
ebony and ivory particularly being very effective 
when judiciously applied. I question, however, if 
ebony is as good as bakelitc or buffalo horn when 
one wants black for any purpose. 

Stock blanks run from about $3 for plain sound 
wood to almost any price one wants to pay. Really 
fine-figured, full-length rifle blanks of choice Euro¬ 


pean walnut will run from $20 to $40 and are 
worth it. You must and will, however, ‘‘cut your 
garment according to your cloth.” 

In the Directory we give the names of reliable 
firms from which walnut can be obtained. Those 
firms we list we know from personal experience to 
be reliable. State your price limit and you will 
get the best which that limit will buy. In other 
native woods we can offer little help. Your local 
lumber yard and planing mill will have the infor¬ 
mation and perhaps the material you need. 
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I N CONSTRUCTING a gun stock, design is a 
very important point; the lines must be grace¬ 
ful curves, and conform to certain basic principles. 
When the stock possesses these qualifications it 
will give its maker that satisfying sense which we 
associate with a work of art. Ir. an article, how¬ 
ever, as highly developed as a gun, there is now 
not much room left for individual expression, par¬ 
ticularly in design, for master minds during several 
centuries have gradually evolved outlines which 
have become established in our consciousness and 
set a standard of taste and utility. Only as to 
applied ornamentation is there really scope for new 
expression, and this necessarily is limited. We 
therefore cannot give the amateur better advice 
than to “hitch his wagon to a star,” choosing for 
his star the work of a master gunsmith. 

In reviewing the evolution of firearms and tracing 
this wonderfully interesting subject through the 
centuries, we find that the earliest shoulder gun 
was an unwieldy affair; it was really a small cannon 
lashed upon wooden scantlings. These forms can 
hardly be called hand guns because of the inability 
to use them except in conjunction with a forked 
support thrust into the ground to sustain their 
weight. With the progressive development of ex¬ 
plosives, lighter barrels became possible, and by 
the time of the matchlock the stock or “stalk” had 
reached back to the shooter’s shoulder. These, in 
the intervening centuries, approached gradually 
our understanding of accustomed lines, but were 
remarkable because of their excessive ornamenta¬ 
tion rather than a worthy advance in design. The 
development of the stock, as we know it today, was 
very largely the work of that greatest of all gun- 
makers, Joseph Manlon of T.ondon, who lived a 
century ago and brought the shoulder gun to such 
perfection that it could be used efficiently on 
moving game. 

The problem of “fit” is of paramount impor¬ 
tance, especially when we realize that most of the 
process of aiming must be done subconsciously. 
There are comparatively few shooters who appre¬ 
ciate this fact and are not under a continuous han¬ 
dicap in their effort for advancement. Tt is not 
difficult to determine the fit or misfit of a gun. 
Select some object, at a distance over which it is 


clearly discerned, preferably with a background 
that will bring it into bold relief. Stand in shoot¬ 
ing position opposite this, visually determine its 
exact position, close your eyes, and bring the gun 
quickly and naturally to your shoulder, aiming 
blindly at the mark on which your eyes were 
fixed. Then open them and see where your gun 
points. Do it several times so as to avoid any 
unusual stance, and if your error is consistently re¬ 
pealed you will see exactly what is wrong. It may 
show that you are shooting high, which means too 
straight a stock or too high a comb; or it may show 
that you are shooting low, which means too much 
drop; or to the left or right, which signifies the 
need of “cast-off.” Length and pitch of butt will 
also be apparent in the ease or difficulty with which 
the gun is alined. To determine actual measure¬ 
ments it is highly important to take into consider¬ 
ation the build and anatomy of the shooter. The 
tall, long-armed man will require a longer stock 
than one who is compactly built; and drop or 
bend will be similarly influenced. 

In a shotgun, let it be remembered that when 
you see only the top of the action in aiming, you 
will be pointing too low, whereas, properly, the 
last few inches at the muzzle should be in line 
with your quarry. Determine well these two facts 
before deciding the correct drop of your stock. 

There is a tendency, I am certain, in most shoot¬ 
ers, toward a too liberal bend in the slock. Nothing 
is so conducive to an annoying recoil as too much 
drop. It should be understood that recoil operates 
in a direct line with the long axis of the bore, the 
gun meanwhile being converted into a lever with 
the weight at the shoulder and fulcrum at the 
point of drop. Trap shooters know this and are 
not slow in taking full advantage of it. The 
straightest possible stock consistent with a mini¬ 
mum in drop would suffice if game guns were used 
exclusively for bird shooting, but as ground and 
running game must be considered, we are driven 
to a compromise. 

For deliberate shooting, such as at the trap or at 
stationary targets, a stock which is a mite too long 
is preferable, for it minimizes recoil and has a 
tendency to keep the gun well up; but in the 
marsh, when one is bundled up with heavy clothes, 
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a long stock would be a distinct disadvantage. 

When I construct a new stock for a customer, I 
request him to go through the performance of 
aiming at an object in my presence in order to 
arrive at a definite conclusion as to his style and 
shortcomings. If he repeatedly places the butt 
too high 1 know forthwith that he needs a more 
generous drop, the amount of which may be exactly 
determined as the shaping progresses. As in the 
case of a suit of clothes, if the customer is available 
during the course of the work, there may be a 
greater number of fittings and a better chance of 
an ideal result. 

Instinctive, correct aiming is what we are after. 
This saves time and speed in getting on your mark 
if it is in motion; it is of vital importance, since 
the vexatious problem of holding ahead, above, or 
below increases with distance. 

The position of the head in relation to the right 
shoulder obviates largely shooting to the right, un¬ 
less the left eye is the stronger or “master” eye. 
This is a more difficult error to rectify in stocking. 
Ft is true that cast-on, which is the swing of the 
butt to the left, is possible, but the distance be¬ 
tween one’s eyes is considerable, a feature which, 
when compensated for in the stock, distorts it and 
produces an unsightly result. I think the stock 
maker is well advised to encourage deliberate hold¬ 
ing in this case. To learn shooting from the left 
shoulder may well be the better plan. 

One point which is frequently overlooked in 
stock design is “pitch,” or the angle of the butt to 
the gun. This is a very essential point, for altho 
one may have everything else in perfect balance, 
this simple fault may cause over- or undershooting. 
When a gun is made without pitch, it overshoots 
for some, and when it is made with too much 
pitch, it undershoots. Again we have to consider 
the type of build of the shooter. The man who is 
more or less thin-chested must have less pilch or 
none at all, whereas the erect, person with a full 
cheek must have considerable pitch. I have found 
that a person with the latter build requires a pitch 
of between 3 and 5 inches in shooting a 28-inch 
barrel. In all cases, however, one must not forget 


the importance of a correct stance in the act of 
firing. Some stand in an awkward posture, and in 
such instances a correct stance must be acquired 
as a preliminary to correct gun fitting. The gun 
must not be expected do all the courting. 

Strict attention should be paid to the proper bal¬ 
ance or to the center of gravity of the arm when 
the stock is being constructed. The center of 
gravity must be determined by hefting and can 
only be checked by the feel. When a gun balances 
well the arm is far easier to handle and carry. If 
the stock is too light, by removing the buttplate, 
lead may be inserted to advantage in the butt at 
the toe. 

Warning must be given the beginner that making 
a stock is not the simplest task in gunsmithing. 
The change between metal working and wood 
working is so great that you really have to be two 
mechanics in one. Yet it adds a very pleasant 
variety to your work when you have mastered the 
difficulties. Try not to let one branch suffer at 
the expense of the other. 

If the stock is not fitted to the action perfectly, 
there results an opening between metal and wood 
which in every instance appears exaggerated. The 
fitting of the receiver, action, locks, guards, etc., 
must be done with care, precision, and perfect con¬ 
tact. All metal parts must be in close alinement 
with the wood, yet easy of removal or insertion. 

The forearm or the left-hand grip of a stock on 
all standard shotguns has not been given much 
thought except in the case of trap guns. These 
have been improved by a flat, beaver-tail effect, 
which fits the palm of the hand and is rather pleas¬ 
ing in appearance. 

In a double gun, owing to the width of the bar¬ 
rels, there is little room for improvement. For 
formal shooting, such as at the trap, an enlarged 
forearm can be advantageously constructed; for 
field work it is questionable if improvement is pos¬ 
sible. 

A study of the position of your hand in the 
act of holding will reveal a twisted effect which is 
very uncomfortable. Figure 62 shows a design of 
forearm to facilitate comfortable holding, as it re- 



Fig. 62 

Francotte 12-gauge trap gun stocked lor the shooter's holding comfort. Note the unusual forearm and removal extension rib 



DESIGNING THE GUN STOCK 


103 



Fig. 63 

Reslocked caliber 30-06 Newton rifle made with a close pistol grip and thumb rest back of the bolt handle. Designed 


for persons who have lost the use 

lieves the muscle strain when the left arm is ex¬ 
tended. True, when it. comes to graceful outlines, 
it is rather out of balance, but it is practical and 
worth consideration. 

When a pistol grip is added to a well formed 
stock it should blend perfectly into the lines of the 
design. Pleasing, graceful curves may be achieved 
here, and they can either help or detract to a degree 
that does or does not spell approval. A pistol grip 
on a rifle adds greatly to steady holding, providing, 
of course, that the grip is shaped to fit the hand 
and is properly placed. 

Sometimes I think we are in danger of going a 
bit too far in what we call “close” grips. Our 
anxiety to get away from the useless pistol grips of 
yesterday has led us to another extreme. A grip 
too close and too pronounced certainly does not 
look well, and, in my opinion, restricts the free 
movement of the hand, especially in the operation 
of mounting the piece to the shoulder. Figure 63 
shows a very close grip made for a man who had 
lost the use of three fingers and retained very little 
sensation in his index finger and thumb. Note the 
thumb-rest at the side. A stock design such as 
this is unusual, of course, and requires individual 
thought. There is no set rule to follow in the de¬ 
signing of a pistol grip, for hands are of different 
shapes and sizes. In the case of a shotgun stock 
the owner must be guided by personal requirements 
often known only to himself. When a person uses 
both rifle and shotgun, he may not want to be with¬ 
out a pistol grip on either, because he prefers that 
the “feel” be the same. When designing a full 
pistol grip on a shotgun, do not round the end of 
the grip as on some of the cheap European guns, 
but finish it in the same way that you would a rifle 


of certain fingers through accidents 

grip, except that you should carry the lines down 
much finer; it adds to beauty to have a cap of 
buffalo horn. 

'There are other faults aside from those just men¬ 
tioned, and in your shooting education you will not 
discover them all at one time; hence you will find 
it necessary constantly to check and analyze the 
reasons why certain errors persist. The stock is not 
the whole gun. Rib, barrel, trigger-pull, sights, 
etc., must all be under observation for possible 
correction. 

The correct method for estimating length of stock 
is first to place the latter in the hollow of the el¬ 
bow, flexed to an angle of 90 degrees. If in this 
position you can reach the trigger comfortably with 
the index finger, between its end and the first joint, 
the stock will be about right in your case. For 
shotguns used at the traps, add from % to inch 
in length. For rifles, ^4 inch or less will be com¬ 
fortable. This practise is by no means infallible, 
but it is a convenient procedure in determining the 
approximate length. Only actual trial will really 
settle the question. 

I have merely mentioned the target shooter so 
far, or the designing of the proper stock for his 
style of holding. This subject is a never-ending 
one, for of all the stocks I have made and built for 
this class of shooter there have never been two 
alike, and their requirements vary to the same de¬ 
gree—they are in a class by themselves, and with 
the trap shooters comprise the genuine gun cranks. 
One day I extend the stock, the next da)' add a 
cheek piece, and on another day remove the exten¬ 
sion and bring the stock back to the original length. 
The following week the cheek piece is removed, and 
another extension glued to the butt stock; and the 
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following month a new stock is made, only to be 
butchered up again. Under no consideration would I 
permit myself to express unbending individual views 
on the proper designs for a stock which will suit the 
target or trap shooter; there is no such thing, ex¬ 
cept as suggested in Figures 64 and 65. The en¬ 
thusiast has to analyze his own requirements, and 
build airy dreams which never quite materialize, 
but give him endless pleasure. Bless his heart, he 
is the fellow' that keeps us gunsmiths from the poor- 
house and up on our toes. 

Having discussed the outstanding points, it is 
now in order to touch upon measurements of parts 
which enter into the design of a stock, with final 
measurements on forming and shaping. The latter 
will be treated fully in another chapter. 

Stock Nomenclature — Before going further 
into a consideration of the essentials of rifle-stock 


the measurements taken from below instead of 
above. 

On a game rifle, the sights are usually set for 100 
yards. Length measurements are made from center 
of the front trigger to center of the butt plate; 
be measurements are taken to the outer surfaces. 
The measurements from trigger to heel or toe vary 
in different instances. Length of pistol grip is 
measured from center of the trigger to edge of the 
grip cap, c. Most important are the measurements 
given in Figure 67 in relation to the correct outlines 
for pistol grips, regardless of the length from the 
center of the trigger to the edge of the grip cap. 
These measurements have a great deal more to do 
with the feel and handling of the gun than the dis¬ 
tance; such measurements will answer for both 
shotgun and rifle. When constructing a rifle stock 
refer to Figure 84. 

The line H~pi is at right angles to the line of 



design, study Figure 66. If you are not already 
familiar with the nomenclature of a modern sport¬ 
ing stock, A is the fore-end or forearm. FT is the 
forearm tip. G is the hand grip, or upper part of 
grip. The British gun makers call it the “hand.” 
PG is the lower extension of hand grip or pistol 
grip. CO is the comb. C is the cheek piece. B 
is the butt stock. H is the heel. T is the toe. 
Gun makers include both comb and heel when 
measurements are taken; this is necessary, for altho 
comb measurements are pretty consistent, there are 
variations. The line S represents the line of sights 
reaching from the front sight at muzzle, resting in 
the center of the rear sight and running to the 
extremity of the butt. 

When taking the measurements of a shotgun, a 
straight-edge resting evenly upon the rib, and ex¬ 
tending from butt to muzzle, provides the best 
medium. If a straight-edge is not available, the 
gun may be inverted, rib downward, on a table, and 


sight, and the distance pi to the toe T determines 
the ‘ pitch” of the stock, if any. (Pitch means the 
distance of the front sight from the perpendicular 
w'hen both heel and toe of butt plate are resting 
on a horizontal surface, i.e., the floor.) 

When a stock has no pitch, it often causes the 
user of the gun to shoot high; this is because the 
toe gets a maximum amount of pressure under the 
shoulder when the gun is brought to the firing 
position. 

In contradiction to a stock which has too much 
pitch, w-e have the opposite extreme, that which 
causes the gun to undershoot. The same rule ap¬ 
plies to shotguns as well as rifles. Pitch has very 
little bearing on prone shooting, but it is well to 
have a butt plate with more convex surface when 
using a rifle in this position since it provides a rigid 
support that is lacking in a straight one. 

It seems unreasonable to the average person that 
the fault of too much or too little drop causes so 




Caliber .22 match rifle, single-shot Winchester action. Lyman 5-A telescope. Lyman iron sights. Carney target sling. An amateur's successful attempt to 

design a suitable stock for his own indiTidual target shooting 
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vast a difference in shooting, and many novices fail 
to understand how the angle of departure of the 
bullet will be altered under these circumstances. 
With a stock made for a tall, long-armed person, 
the piece does not require any pitch. Let the short- 
necked, full-chested person shoot that gun and he 
will overshoot eight times out of ten, for the simple 
reason already mentioned—that there is too great 
a pressure at the toe. Vice versa, the tall, long- 
limbed person, using the short-necked and full¬ 
chested person’s gun, will undershoot consistently. 

When making a stock to fit a woman it is well to 
take into careful consideration the difference of 
physique in the sexes. Pitch and drop on account 
of perceptibility of recoil is here very important; 
also the position of the toe, which should be 
rounded and swung outward. The butt plate, in 
addition to the concavity from heel to toe, should 
be convex across its narrower direction; not as 
much for a shotgun as for a rifle, but enough to 
warrant a fit that conforms to outline of shoulder. 
We shall refer to this again. 

The pitch of guns as usually encountered is be¬ 
tween 3 and 4 inches, with as much as 7 and 10 
inches for a heavy-chested person who stands very 
erect in the act of firing. This is presuming the 
barrel length is 24 inches. 

The lighter the gun, the more recoil will be 
noticeable, but when a stock fits perfectly, the re¬ 
coil will not seem so great, for you will feel it more 
when shooting a ten-pound gun with an ill-fitting 
stock than you will with a seven-pound gun with a 
perfect fit. For that reason I always recommend 
that the light rille should have perfect balance and 
a well designed stock. 

Cast-off — Looking at Figure 66, the small view 
of the butt end of the stock illustrates what is 
meant by “cast-off” in a stock. The line g-g is 
given by the vertical center line drawn between the 
front and rear sight to the exact center of the butt 
stock, and the cast-off is the amount /-/ the stock 
is thrown off or out of line with the sights in a per¬ 
pendicular direction. “Cast-off” always means that 
the central line of the stock is placed to the “right” 
of this lateral direction, when the gun is held in a 
normal shooting position. “Cast-on” means the 
distance the stock is thrown to the “left” of the 
perpendicular line. The man who shoots from the 
right shoulder requires “cast-off” and the person 
who shoots from his left shoulder requires “cast-on.” 

Cast-off or Cast-on — Drop at comb and heel, 
and length of stock, are naturally all dependent 
upon the build of a man and his physical deviations. 
This is a factor which the stock maker estimates by 


experience. Too much cast-off will cause a gu»* u> 
shoot to the right. The usual amount of cast-off is 
Vi inch at the heel, and is about the correct amount 
for the average person. Some stocks have more 
cast-off at the toe than at the heel. When a shooter 
involuntarily cants his gun to the left, I bring the 
toe to the center line, with the heel between %- 
inch and Vi-inch cast-off. Remember when giving 
cast-off to a stock that the angle of the butt plate 
must conform to it so that seating against the 
shoulder will be correct. With a large cast-off, it is 
best to have a convex section in the butt plate. 
Figure 66 shows a stock blank laid out for a cast¬ 
off stock, a-a-a being the perpendicular center line, 
b-b-b the new line in a lateral direction. 

Balance — The word does not do full justice to 
our understanding of the term. When a rifle comes 
up to the shoulder only with an effort, wc say it 
balances badly, and as this is what we mean, let 
us continue to use the term until a better one is 
found. In designing a stock, the weight of the v 
wood must not alone be taken into consideration, 
but the metal parts as well. In shotguns it is a 
very easy matter to secure balance, as you can 
either remove or add weight to the butt stock, and 
have the gun balance at a desirable point ahead of 
the trigger guard. In the case of rifles, with their 
comparatively heavy barrels, it is much more diffi¬ 
cult, for wc have many different types to consider. 
Some rifles balance naturally at the right point 
when remodeled, especially the Springfield, Mauser, 
Winchester, and Mannlicher, and it is fairly easy to 
secure the correct proportions of weight between 
barrel, action, and stock. On the other hand, our 
tubular magazine repeating rifles with full-length 
magazines can hardly ever be made to balance. 
That feature is very greatly aided and more easily 
obtained when a certain proportion of the total 
weight of the arm can be centered between the 
hands while holding. Extreme care must be exer¬ 
cised not lu remove loo much weight from the 
muzzle, for a muzzle-light rifle or gun loses the 
degree of stability which is essential in the act of 
shooting. The forward part of the barrel helps 
stabilize the piece while in position, but the exact 
proportion of weight that should carry to that of 
the whole gun must depend largely on the indi¬ 
vidual. Some men require distinctly more weight 
anterior to the support of the fore-end hand than 
do others. Again, some cannot use a short-barreled 
gun; others find such guns a great benefit, in that 
they provide added speed and proficiency in main¬ 
taining elevation, while many trap shooters still 
swear by barrels 32 and 34 inches long. We must 
confess that, to our mind, convention plays a great 
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part in this. A necessity of the black-powder days 
has persisted as a custom. 

When it comes to balance, we have reached the 
point of perfection in our finest shotguns. For the 
better grades, the makers have studied this question 
from every angle, and whenever a person secures 
such a gun he may be sure of having it near to per¬ 
fect balance. A like practise would improve uni¬ 
versally the handling of many of our cheap guns. 
It is well known that many individual shooters and 
gun cranks require specially designed stocks; one 
for the prone position and another for the offhand 
position. This is, in a manner, justified, for a given 
rifle cannot excel in both cases. The rifle used in 
prone position does not demand balance, and muzzle 
weight is an advantage; but too much weight in 
this direction is disastrous in offhand work. 

Butt Stock Design — All butts are fitted with 
butt or heel plates of different forms and materials; 
some are good and others unsatisfactory. The hard 
rubber plates furnished on standard arms are a 
poor makeshift and easily broken when subjected 
to hard usage. On the other hand, the steel curved 
plates of our commercial rifles are only a relic of 
our early American muzzle-loading rifles. Some 
prefer these plates because they do not slip so 
easily from the shoulder when one is working the 
lever or bolt in rapid fire, but their day is passing. 
The more modern steel butt plates which are made 
in Europe arc by far the most practical, for they 
have the desired convex surface in the center and 
also the proper concavity from heel to toe together 
with the right length and width. Those made for 
the Mannlicher-Schrenauer rifle are particularly 
good. The correct measurement of a plate should 
be 1% inches wide and 5% to 5Vi inches long. 
The next choice of a heel plate is the compressed 
buffalo-horn plate made in England. The manu¬ 
facturers soften the horn in some manner and then 
re-form it in moulds under hydraulic pressure. 
These plates are nicely designed in every detail so 
that they take up the effects of the recoil evenly. 
Third is the rubber recoil pad. This form of butt 
plate never adds beauty to a well-designed stock, 
but it is a boon to those who are sensitive to recoil, 
particularly in heavy double rifles when used in a 
hot climate, the shooter wearing possibly nothing 
more than a thin shirt. Recoil pads are a great aid 
on trap guns where many successive shots are fired. 
A pad on the well-designed stock of either a rifle or 
shotgun where the recoil is not very severe is not 
altogether desirable; it adds weight to the end of 
the stock, and tends to cling to one’s clothes or stick 
at the wrong place on the shoulder. The friction 
can be overcome by cementing on a piece of leather 


which is glazed on the outer side. Trap plates 
must fit perfectly, and it is therefore well to sur¬ 
face the bottom edge of the plate so that it and 
the wood will adapt evenly. When these plates 
are given the final shape in the forming die, the 
outer edge of the metal assumes a slight angle, 
ostensibly to secure an outside fit, but this must be 
filed straight with the stock so the butt plate will 
have continuous contact with the wood. When 
fitting any form of butt plate, it should be done in 
the same manner. 

Bringing forward weight to secure balance is done 
by boring out the stock under the butt plate; you 
may find it necessary to enlarge the opening until 
only a skeleton remains. When this process is at¬ 
tempted where no trap plate is used, the cavity 
formed in the butt is sealed by gluing in a plug of 
wood to match. This should not be less than onc- 
half inch in thickness so that it will protect the in¬ 
side of stock from moisture. When using a trap 
butt plate, holes may be bored to hold accessories, 
such as extra firing pins, cleaning rods, pull- 
through, or several reserve cartridges. 

In the design of a butt stock, the top center line 
from comb to heel and the bottom center line from 
grip to toe, should be in the same vertical plane. 
This refers, of course, to the ordinary straight 
stock. When there is a pistol grip, the thickness is 
governed by appealing outlines and the shape of 
the hand, while the comb should be well propor¬ 
tioned with undercuts at the point. For about 1 V 2 
inch back, have the comb well rounded. By con¬ 
tinuing the shape of the butt plate forward on a 
taper you will find it possible to carry out graceful 
lines, with the undercuts ending gently l J /2 or 2 
inches back of and interior to the tip of comb. A 



Fig. 68 

Butt-plate and pistol-grip templets 
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Fig. 69 

End viow of a Monto Carlo stock, and special cheek piece 


neat plain comb, well rounded without undercuts, 
carried well in from the sides, is also attractive and 
practical. Figure 77 shows the correct method in 
which to form the undercuts on a comb. The low 
undercut from the comb to the hand grip is a great 
mistake, but one made by a number of beginners. 
Figure 68 shows a butt-plate templet—and also one 
for the pistol grip—which is about the ideal form 
for plate and lap. One-sixteenth inch added width 
may be allowed for a rather large full butt, but 1% 
inch is wide enough when used in a new stock 
design. 

Let me repeat, the line from grip to toe must be 
straight. A few years back, I had the habit of 
crowning this very slightly. The center was about 
% inch lower than the toe to the pistol grip. To¬ 


day this curve is deservedly out of place. A slight 
fulness is permissible on a target rille or a single¬ 
shot stock, but on a well-made rifle or shotgun used 
for other purposes—never! A shield or crest plate, 
half-way between the grip and toe, with the owners 
initials, looks well. On the best guns these are made 
of gold, but silver is just as pleasing and satisfac¬ 
tory. Initials, when placed on a gun in a mono¬ 
gram, add a distinctive note and arc ornamental 
as well. 

Cheek Pieces — A cheek piece adroitly added 
to a rille stock may be beautiful, or if poorly 
shaped may be ugly; in the latter case it is a source 
of annoyance, and is as useful as a sore thumb. 
When designing cheek pieces try to express refine¬ 
ment in every curve, with each one blending grace¬ 
fully into the other. At the same time, do not lose 
sight of the fact that such an addition is made for 
the purpose of acting as a rest for the cheek when 
aiming and holding. A cheek piece is really essen¬ 
tial for a thin-faced person. When it is added fur 
use of a full-faced individual, I deem it in most 
instances a personal preference and for appearance 
only. 

After having made many different forms of cheek 
pieces I decided the correct form was the one il¬ 
lustrated in I'igure 69. It should add distinction to 
the rifle and be a help and comfort to the user. 
Figure 70 illustrates such a cheek piece, giving 
both lateral and underneath views. The one show¬ 
ing the bead must be carried well out in specified 
proportions, beginning at the comb and ending at 
a given distance ahead of the butt plate. You will 
notice that the lines blend harmoniously and have 
their point of perspective at the top. 

The curvature of the cheek rest should conform 
to the convexity of the cheek. The rearmost sec¬ 
tion is high, gradually sloping forward to the comb, 
so that when recoil takes place, the chock is per¬ 
fectly set and no discomfort is felt. The common 
ones are seen most frequently on cheap popular 
rifles, as they are easiest to construct. 

The Whelen cheek piece was designed at a time 



Fig. 70 

Under side of a well-tormed and graceful cheek piece. Ivory pistol-grip cap. ivory and buffalo-horn 

inlay near the toe 
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when the development of rifle stocks called for 
greater refinement, and the result was a beaded 
edge which eliminates the unsightly one found on 
low-priced stocks imported into this country. The 
Whelen cheek piece, as shown in Figure 84, when 
carried well to the top, is one of the best. 

Figure 66 will give the student an idea of how to 
lay out a cheek piece. You will note in Figure 69 
that the cheek piece does not vary in thickness to 
the comb or upon edge of stock, nor does it increase 
as it follows the line down, and it is only when it 
starts upward on the rear that it becomes full. 
The concave surface sloping forward permits the 
cheek to rest in such position as to allow the recoil 
to divert the pressure from the face. It is like a 
good saddle when a horse starts bucking, and makes 
the stock both safe and comfortable to shoot. A 
cheek piece constructed along these lines aids in the 
formation of an efficient and artistic comb. 

This accessory is a great aid on target rifles, 
especially those of small bore; however, it should 
extend further forward to, or almost to, the action, 
so that it will be possible to assume the position 
best adapted for that form of holding. Conveni¬ 
ently, it should be high enough so that the sights 
will readily and without effort fall into perfect 
alincmcnt. If you are a small-bore enthusiast it 
might be well to experiment upon a cheek piece of 
this construction. If you do not care to design at 
first a new stock with this feature added, insert a 
cheek piece by cutting into the stock in its central 
portion, approaching the action, and finally gluing 
it in place. Your creative ability will be answered 
by a result fitting your requirements. When you 
get an understanding of just what you want, it is 
lime to build a stock, using for a model the one you 
inlayed. Figure 66 will give you an idea of how 
one of these should look when completed. 

Comb Design — Upon the completion of the 
cheek piece, a comb is the next important feature 
to be considered. The reader might think this a 
simple matter of design, but he must take into ac¬ 
count the vast number of double shotguns, rifles, 
and single-shot arms, together with the well-known 
standard factory output. Comb and stock forma¬ 
tion are proceeded with together, beginning at the 
well-rounded tip of the former, with diverging lines 
extending backwards to the desired height and 
thickness of heel. Ideas in dimensions for toe, heel, 
and grip are as numerous as those of the men and 
women who have use for guns. I have found that 
for most requirements a measurement of 2 Vi to 
2% inches from the end of the receiver to the comb 
is about the correct distance. On shotgun stocks, 
there is no fixed dimension, so we must place the 


comb tip in the position which adapts itself best to 
the position of hand and cheek bone, conforming 
meanwhile to the symmetry of the stock in general. 

When designing a new stock for a shotgun, take 
the measurements from the front trigger. If the 
model is of the single-trigger variety with trigger in 
the rear position, deduct about V*> inch to the point 
of comb. On the Springfield, Krag, and Mauser 
rifles with single trigger, a measurement of 3-Yj 
inches will be about right for the average person. 
Whenever possible, grip and comb should be fitted 
to the shooter s hand, keeping in mind the bolt 
which on its under surface must just clear the comb, 
and no more. This will give a drop, there, of about 
1 % inches. 

Most beginners have a poor conception of the 
proper design of a comb, and this reflects on their 
ability to make a perfectly designed stock. By 
carefully studying the figures of combs throughout 
the book and on stocks that appeal to you, the de¬ 
sired pattern may be found; 1 know of no better 
way or more direct line to a satisfactory result. 
For trial, take any piece of wood and form up a 
comb as you think it should be. Compare it with 
the photographs of different arms, remembering to 
make the undercuts in position. To get it exactly 
right, you will find, is rather a difficult feat. A 
comb is a tricky thing to shape, for with this, as 
well as a cheek piece, the greatest pains must be 
taken to bring forth the ideal that is admired 
subjectively and that answers all requirements 
objectively. 

Forearms — The question of forearms and fore¬ 
ends is wholly a matter of choice. On double shot¬ 
guns they should be kept more or less to the 
well-known standard, except in the beaver-tail 
model, which is seen exclusively on trap guns. For 
a shotgun, select a sound strong piece of French, 
Italian, or Circassian walnut. These woods are 
tough, hard, and not liable to split. The beauty of 
the wood is covered often by the checkering and 
metal parts, and it is therefore necessary to have a 
wood well marked, if the figure is to stand out over 
these encroachments. Naturally one can use any 
strong wood given in the list of woods, but it is 
necessary to match the wood used in a forearm with 
that in the butt stock. 1 have always admired the 
forearms on the Winchester arms because of their 
shape, length, and general outline. They look well, 
feel well, and are to me altogether satisfactory, so I 
may be forgiven when I think they excel all other 
commercial arms. The beginner will be wise to 
use one of these for a guide as to size, length, and 
form. 

Study Figure 71, then measure your hand and 
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study its shape. Decide which type will fit best, 
“1,” “2,” “3,” or “4.” The one designated “2” is 
universally used on best-made rifles. “1” is a 
modified pear-shaped forearm, but is really a mat¬ 
ter of choice, and is an assistance when one has a 
tendency toward rocking or canting his rifle. It is 
not always an easy task to make the lines of this 
form blend well with the remainder of the wood 
work, whereas in “2” the lines blend naturally from 
the sides to the end of the tip. “4” assumes a true 
cylindrical shape which has its admirers. “5” is 
the full heaver-tail forearm used so much on trap 
guns, and lately on target rifles as well. 

The general rule to follow—which also helps to 
bring a rifle into good balance—is to make the 
forearm on a rifle of a length just about half the 
distance from the receiver to the end of the barrel, 
providing the barrel is not more than 26 inches 
long. Above that length, I practically always use 
between 10 and 11 inches as a standard length. 
When placing a swivel base on the barrel ahead of 
the forearm it should be about 2 inches ahead of 
the forearm tip, which avoids a cramped or crowded 
appearance. Attached to the forearm, a distance of 
8 or 9 inches from the end of receiver is about 
right. On a very short barrel with proportionate 
forearm, it is wisest to place the swivel on the 
barrel. 

The peak of the forearm tip is finished in a 
number of ways, varying with ideas, likes, and dis¬ 
likes. Figure 71 illustrates different forms of tips 
used. A very common method is to shape a 
“schnabel,” so called from the German word for a 
bird’s beak. “3” which pictures a plain, tapered, 
efficient forearm, adds a mark of distinction to any 
well-designed stock when formed gracefully. An 
improperly designed schnabel is always an eyesore, 
and so unattractive that it never fails to bring 
forth derogatory remarks. This, like the comb, 
reflects your taste and calls for practise with an 
easily-worked block of wood in order to secure the 
sought-after form and graceful lines. Make up a 
number of sample pieces so that you may express 
your ideas and compare them. Simultaneously', 
study those on factory arms, which, because they 
have been made by machinery, have a simple design 
and will be easier of construction. These patterns 
reproduced by hand can be further improved by 
any number of artistic curves. “2” in Figure 71 
is the plain, common tip. It is not attractive to a 
well-designed stock because the under sides slope 
too abruptly toward the barrel. ‘‘1” is the British 
style of forearm tip made with buffalo horn, bake- 
lite, ivory, and various other substances, including 
the forearm wood itself. If you are designing a 
fine rifle, Asiatic buffalo horn is the proper material 


to use, for it adds not only refinement but beauty 
and worth. You may file any shape you desire, but 
the plain British method is far superior to any other. 

Design of Sides — Shaping the sides, from the 
end of the magazine and action, must be done with 
a sense of proportion, and this is an important 
consideration in the construction of all stocks. 
Starting at a point from the grip to where it begins 
to broaden out, it should be well rounded from the 
action to the guard and magazine. There arc no 
set rules to follow, except to carry the lines well 
into the forearm and grip. Do not make the sides 
too thin, or too thick cither, for neither answers 
the appeal of satisfactory' outline. From a point 
half-way from the end of the receiver at the trigger 
guard back to the beginning of the pistol grip, 
each curve must be fully carried out, blending into 
the sides and pistol grip proper. When stocking a 
large caliber magazine rifle, the same rules par¬ 
ticularly apply; and do not think that because it 
is of heavy' caliber you must increase the thick¬ 
ness. Also, never cut out for the magazine cut-off 
on a Springfield rifle. Allow only for the cut-off to 
come down to a point where it is possible to remove 
the bolt; a cut-out at this point only spoils the 
appearance and is quite unnecessary. Some may 
wish to use the Springfield as a single-shot with a 
magazine full of ammunition, but while this is all 
very well in warfare, there Ls no need for it in a 
sporting arm. It is just as well not to cut out on 
the right-hand side of a stock, at the loading gate, 
any lower than the upper edge of the receiver; and 
when rounding this edge, do not carry the curve 
any lower than half the radius of the wood thick¬ 
ness. When fitting a Lyman 48 sight, always 
allow y 32 -i*u:h play between the slide and the 
stock, for when cutting out a recess for the slide 
under these circumstances, the stock at this point 
will assume a clumsy appearance. This sight re¬ 
quirement will be a guide to the thickness of the 
wood on both sides. Methods will be described 
later to cut off the sight base and slide, without cut¬ 
ting out any wood. 

You will notice there are panels cut on some 
foreign-made arms, which extend out from the 
sides in different forms. This is perfectly correct 
for parlor furniture, but on a well-designed stock 
it seems ridiculous in the extreme to attempt to 
make hand work compete with a beautiful wood 
design. That part of a stock should, I think, be 
perfectly plain, relying on harmonious lines and 
handsome wood for its beauty. 

Grips, Hand and Pistol — The finished design 
of a pistol grip on a rifle depends naturally upon 
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how it was laid out to begin with. If the reader 
will follow Figure 66 he will have no trouble. Pat¬ 
tern and dimensions are important, but if you fol¬ 
low them there is no reason why you should not be 
rewarded by pleasing lines. Pistol grips on rifles 
vary, of course, with the form and size of the user’s 
hand. On military arms they first appeared in con¬ 
nection with the German army rifle. The British 
also evolved a grip which looked like a stock upside 
down, but you would be greatly surprized, on 
handling it, to see how much better it is than it 
looks with its slight offset in the stock at the hand 
hold. We, on this side, were very quick to see the 
merits of this addition, even tho it was so inade¬ 
quate and placed so far back that it did not really 
answer the purpose intended. To Colonel Whclcn 
and Adolf Wandhammer must go the credit for the 
improved design of pistol grip. When Colonel 
Whelen and I first experimented with pistol grips, 
we placed them at once closer to the trigger, at 
the same time constructing them so that they 
snuggled the hand in the most advantageous posi¬ 
tion, obtaining thereby much steadier holding. 
The proper development of a pistol grip on military 
rifies has only been attained in the past fifteen 
years, and there is still plenty of room for im¬ 
provement. 

Figure 72 will give you an idea of how to obtain 
prescribed measurements of a pistol grip of a given 
pattern. A number of common mistakes will be 
made by the beginner, as in D, E, and C. The 
correct distance from center of trigger to edge of 
grip cap should be between 3% to 3 l /% inches, and 
when this is accurately determined the other meas¬ 
urements naturally fall in line. 

The circumference of the grip is, in a measure, 
governed by the size of the hand. When we speak 
of the circumference of pistol grip, we talk only in 
terms of a duplicate measurement taken from the 
stock which was made to suit a particular individ¬ 
ual, and no specified size can be given for one who 
has never had a grip made to fit his hand. When 
one is making a new stock, subject the grip to re¬ 
peated trials or until the hand can take a com¬ 
fortable hold around the curve. You can form up 
a swell on the right side if you wish. It is per¬ 
missible but not essential. A well-shaped grip is 
one which will measure P/4 x 1% inches and blend 
into the other lines of the stock. Never make a 
pistol grip on the full circle as some are made; this 
is a mistake of which many beginners are guilty. 

The most graceful grip is one which blends in 
well with the bottom lines of the stock when looking 
at the stock from the side, with a continuous, har¬ 
monious line from the forearm to the toe. Another 
mistake is to have the pistol grip together with the 


cap extend down \/\ inch or more; it should be 
even with the bottom side. It is of vital importance 
to have the pistol-grip center directly under the 
comb. In forming up to the rear of the grip do 
not carry the outline to the comb; rather allow the 
form of the grip to merge into the stock a short 
distance to the rear of the grip cap. 

The most preferable design for a pistol grip can¬ 
not usually be secured from factory slocks, as in 
most instances they are hurriedly made, with cheap¬ 
ness the most-sought-after quality. Attached to 
the Springfield sport-model stock is the only real 
grip, so placed and of such volume that it permits 
the changes necessary for its transformation into a 
satisfactory design. 

i am obsessed with the idea that a pistol grip 
has no place on a fine shotgun, that it adds a degree 
of clumsiness and detracts from the otherwise sleek 
and racy lines. Notice the straight-hand grips on 
the best British doubles; also the Over and Unders, 
by Purdey, Beesley, Westley Richards, Woodward, 
Boss, and Powell. All these arms handle without 
effort and are noticeably smoother in action and 
more mobile than those fitted with pistol-grip stocks 
could ever hope to be. A grip on a shotgun stock 
should be constructed with every degree of fore¬ 
thought, having in mind such details as a perfect 
fit to the hand, correct length, distance from trig¬ 
ger guard, and small oval cap preferably of polished 
buffalo horn. On our American shotguns you will 
find grip caps of hard rubber with the maker’s 
name around the edge, constituting not a very 
esthetic method for either advertising or embellish¬ 
ment, and, to say the least, a poor substitute for 
horn. A much neater cap can be made from a host 
of materials which would add greater beauty and 
efficiency than the present double-purpose ones 
furnish. 

Single-Shot Action Stocks — These, you might 
say, are similar in design to shotgun stocks, but 
great liberties are taken and the variance is con¬ 
siderable and unending. In the case of the Swiss 
single-shot rifles, the makers have added everything 
possible for the comfort of the shooter, and more. 
This is likewise true of many of the beautiful 
American single-shot Schuetzens made during the 
past forty years. Today, American manufacturers 
do not have much demand for such arms, except 
by resale, and they are unprocurable. Take the 
famous Ballard or the Maynard (the latter made 
by the Massachusetts Tool Company fifty years 
ago), and the Stevens and Winchester. Some of 
the best stocking ever perfected in America was 
done on these arms. 

Stocks on single-shot actions should, in the main, 
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follow the general outlines featuring other rifle 
stocks. It is interesting to formulate specific ideas 
which may be of benefit to users of single-shot 
rifles, such as modifying the upper and lower tang, 
and to place a pistol grip as often shown on one of 
the old single-shot Winchesters. 

The Farquharson falling-block single-shot action 
has the tang and under-tang well shaped for a 
pistol grip. I have had several of these actions 
made for me in England, and am using them in 
connection with the .22-caliber Hornet cartridge. 
It makes one of the finest single actions for the 
cartridge, and when, in addition, the barrel is made 
by Vickers, Westley Richards, Niedner, etc., you 
have an extremely accurate combination. 

A beaver-tail forearm is preferred by many on 
single-shot target rifles, but it is naturally out of 
balance and clumsy in appearance. Still, it adds to 
the ease of a steady hold, because it is flat on the 
bottom and very full on the sides. Further, it per¬ 
mits a natural position to rest the forearm, either 
in target or trap shooting, in the palm of the hand. 
Some of these beaver-tail forearms are made wider 
at the end than at the action; others have a gradual 
taper to the end, while still others have a very 
pronounced taper. Some are made full in the cen¬ 
ter, where the hand grips when in a normal posi¬ 
tion. I believe this last form the most attractive 
and useful. 

Stocks placed on rifles such as models 86, 94, 
95, 12, 97, and various other Winchester rifles, can 
be restocked to better form, also those of the Rem¬ 
ington and Savage makes. Most of the small 
.22-caliber rifles in repeating models can be im¬ 
proved. I am of the opinion that Marlin has made 
the best stock in the .22 caliber, but the idea can 
be altered to advantage when constructing a new 
one. The standard forearms on all of these rifles 
are good, and it is difficult to improve their design. 
One would imagine, however, that all our American 
gunmakers labor under the belief that .22 rifles are 
to be used only by children, so diminutive is their 
size. 

Shotgun Stock Design — A book might be 
written on this topic alone because of the multi¬ 
plicity of opinions on just what the ideal stock is 
in shape, length, drop at comb, heel, and various 
other qualities. I have mentioned throughout this 
chapter different ideas of design. The shotgun 
stock may be taken as a standard of measurements, 
including such elastic points as cast-off and cast-on, 
balance, drop, comb, and pistol grip. There is one 
type which I have so far not mentioned, and that 
is the “Monte Carlo” effect. Its consideration may 
well be taken up here, since many of the ideas of 


change from the ordinary, originated in the evolu¬ 
tion of that style of stock. When I make a new 
stock for a customer, after knowing the correct 
drop at heel, I leave the high line of the comb up 
l J /2 to 2 inches from the butt plate, and drop it at 
that point 1% inches for shotguns and 2% inches 
for rifles. In the final setting, I begin to cut this 
down until I arrive at the correct drop of comb. 
Some will require rather a high two-thirds distance 
measurement, which is at the top of the high point 
from the comb. 

It is surprizing what this signifies in either a 
rifle or shotgun stock. I believe it is the only satis¬ 
factory method for correct measurement of any 
stock. I have found that with a drop at heel be¬ 
tween 3 and 3% inches, the height at point of 
comb should be inches, and at two-thirds dis¬ 
tance 2 inches, and midway about 1% inches. 
These measurements are for double shotguns. For 
holt-action rifles such as the Springfield or Mauser 
with the offset, I prefer measurements of between 
3 and 3% inches at heel; at comb 1% inches, 
which is bolt clearance, and at two-thirds distance 
between 2% and 2% inches, midway between about 
2 inches. Forming the step is a matter of choice, 
but modified step-off is the best when the lines 
blend well down to the top of the butt plate. The 
contour of the step-off is a delicate matter and 
never fails to be the cause of complaint when it 
does not accord with the owner's sense of beauty. 

A comb must be placed in such position, espe¬ 
cially on a shotgun, that it will be possible to 
handle the gun not only accurately but rapidly. A 
comb too far forward would be a bad feature, for 
it would be in the way of the thumb. A shotgun 
stock should be fitted so perfectly that the same 
hold will repeat itself consistently. Weight dis¬ 
tribution governs shotgun manipulation as well as 
a correctly fitted stock, and must be considered 
seriously with the latter to bring about perfect 
coordination. Excellent practise for one who has 
never stocked a shotgun is to begin with a piece of 
soft wood, which should be first adjusted to the 
action and then formed up until a perfect fit is 
accomplished. The beginner will then, in a meas¬ 
ure, have confidence and knowledge to proceed with 
a stock of given measurements as taken from the 
completed sample stock. In the soft wood you have 
chosen for a pattern, it is a simple matter to fit the 
metal parts, as you will not have to cut out except 
for the action and tang, together with the trigger 
plate. Next begin to form up the outside, not 
necessarily to fit any butt plate, for all you require 
is the length, drop, pitch, and cast-off, incorporating 
the ideas which I hope this chapter has imparted 
to vou. 
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After securing all the measurements, jot them 
down on paper with a sketch showing the particular 
things you have done so that nothing will be for¬ 
gotten, as a check on the second stock. If your gun 
has but a single trigger, a pistol grip is more easily 
installed than where you have to deal with two. 
I am sure that on a fine shotgun, however, the 
straight grip is to be preferred. Except in an army 
shooting school, it is definitely impossible to train 
shooters in general to assume the proper shooting 
stance, so we must continue to build stocks to suit 
their peculiar methods of holding. Often they 
figure that it is much cheaper to build a new stock 
than to change their habits. Such a change is one 
of the hardest things to bring about, for most men 
rebel against being told what is right or wrong, 
even tho they realize later that it is to their 
advantage. 

A cheek piece placed on a shotgun stock, you 
must know, is not productive of special benefit 
unless you have a thin or narrow face. Its outline 
and symmetry must harmonize with the rest of the 
stock, else it will be an odious attraction. With 
many it is merely a matter of choice, and as part 
of the shotgun ensemble it is comparatively rare. 
The heavier such a gun, the heavier and fuller the 
stock should be at the comb, which obviates the 
necessity of a cheek rest; its presence then would 
act only as a detraction in speed of handling. The 
comb made with a comfortable thickness helps 
against recoil, and encourages more accurate aim, 
providing the proper cast-off is given to the stuck 
together with the correct pitch. 

On occasion wc encounter stocks with identical 
measurements at comb and heel. These dimensions 
are abnormal and may be changed, often with 
definite advantage to the Monte Carlo comb shown 
in Figure 69. 

There are so many conflicting ideas in shotgun 
stocks, both for field and for trap use, that the 
only natural procedure for the novice is to have a 
stock fitted correctly in the first place by a crafts¬ 
man who has skill and experience; for then, and 
only then, will he appreciate what it really means 
to shoot a gun with comfort, accuracy, and con¬ 
fidence. 

Abnormally Formed Stocks — In the event 
of a shooter losing the sight of the right eye from 
mishap or defective vision, no better encourage¬ 
ment can be given than to recommend the side 
rib shown in Figure 73, a monocular gun which is 
used by a man who lost the sight of his right eye. 
The same effect can be obtained with a gun mod¬ 
eled as if the stock had been bent over or so 
fashioned. The illustration gives an accurate idea 


of a principle which is the idea of Mr. Frank 
Hogan, and his work at the traps testifies to its 
suitability for the purpose for which it was made. 
The disadvantage of having a stock with a cast-off 
as much as 3 l /> inches is that in firing the left 
barrel it shoots to the left; in addition the gun 
would handle clumsily to any one used to the 
orthodox stock. A single gun would not appear 
nearly as clumsy in this respect as a double. 

Mr. Hogan's idea consists of a master piece of 
flat steel running from the muzzle back a distance 
about 20 inches with two ivory bead sights at¬ 
tached. This rib is fastened to the left side of the 
barrels by two brackets; one at the muzzle and 
the other about 18 inches back from it. The 
sights on this rib are set over 2 1 % 2 inches at the 
rear and 2Vi inches at the muzzle. He has broken 
98/100 clay birds with this style of gun, and on 
another occasion has run 147 straight. It proves 
(hat any one who has a similar disability may 
benefit by this addition rather than by a bent stock. 
For the latter it would be necessary to have the 
stock made of walnut with the grain curving in the 
bend; the tang of the action would have to be 
bent, also, together with the trigger guard; con¬ 
sequently it is advisable and much cheaper to 
make a rib, as shown according to Mr. Hogan’s 
idea. 

A try-gun is an odd arm to the average person, 
but one which is used a great deal in England to 
fit gun stocks. It is possible to secure length, drop, 
cast-off, and pitch with this contrivance. There 
are comparatively few of them in the United States, 
as only a limited number of gunsmiths understand 
(he proper methods for fitting even the normal per¬ 
son. I have had two recent examples of this. One 
man was fitted erroneously with a 15-inch stock 
when he should have had a 13*4 inch, and another 
a 13Vi-inch length instead of 14%, while the drop 
on both stocks was out of all reason. Correction 
in both instances ended in a most gratifying result. 
Should you be so fortunate as to be measured with 
a try-gun by one who knows how, cherish the 
figures sacredly and check up on your every finished 
stock. The British gunmakers arc exact in their 
measurements. Practically all try-guns arc made 
in England, and every maker who conducts a more 
or less extensive business in fitted stocks should 
have one. The expense, increased by a generous 
duly, is a drawback to their extensive use in this 
country. 

I have eliminated as far as possible all numerical 
measurements on stock design, and use figures only 
where it is necessary to illustrate a specific model. 
Most measurements will be given in the following 
chapter. They vary greatly, and it will be my 
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endeavor to apply myself to the necessary and 
established ones. Figures are not indispensable to 
stocking a gun except in the length, drop, cast-off 
or cast-on, pitch, length of forearm, distance from 
trigger to edge of pistol-grip cap, and balance. All 
other dimensions and contours are attained with 
the aid of the eye, which is our principal guide— 
that and our creative ability. This, largely, is a 
sense which is congenital when at all present, and 
finds its expression in a love for beauty which 
prescribes and directs the work our hands are eager 
to perform. 

Satisfactory achievement in any worthwhile 
venture naturally takes time, but in the end, 
if you are persistent and loyal to your desires, 
your efforts will be rewarded. Sad to relate, we 
have among us men who regard the gun only as a 
tool to slay, and more than likely stow it away, 
possibly without cleaning, after the hunting season, 
until the next one follows. The serious gun crank 
resents this type, for he is usually disinterested in 
the scientific aspects of the game and lacking in 
creative ability, without which it would have been 
impossible to bring about the present high state of 
beauty and remarkable effectiveness in every mod¬ 
ern firearm. 


The work outlined in this arduous chapter will 
not be found easy always, but I can assure you 
that it is intensely interesting and worthy of your 
every effort. My earnest advice is to proceed 
slowly in all your undertakings, curb impatience, 
and do not expect immediate perfection. The 
slower worker will save much time by avoiding 
mistakes, and this time can be devoted to produc¬ 
tive thought for better ideas as the work proceeds. 

Final work on stock and forearm consists of 
checkering to obtain resistant surfaces which enable 
the user to handle the arm with assurance, and for¬ 
tunately on the finished product it forms an at¬ 
tractive decoration. Actually, it is not essential, 
but when masterfully completed it is an unfailing 
mark of distinction that identifies the higher type 
of guns. 

Probably many will disagree with me relative to 
my choice in design of stocks; however, I am cer¬ 
tain that under no circumstances could I have done 
better than to take for models the superb products 
of British gunmakers. My efforts have been un¬ 
tiring to combine simplicity and practicability with 
the British ideals, so that they will be within reach 
of the American sportsman and not beyond the ac¬ 
complishments of the amateur. 
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CHAPTER IX 


Laying Out the Stock—Inletting the Action 


T HE outstanding ambition of every amateur 
gun enthusiast is to make a stock, and it is my 
earnest endeavor to describe this operation as com¬ 
pletely as possible, so that the reader will be car¬ 
ried step by step through each fascinating detail 
in the process. With long experience as a guide, 
I realize the many difficulties which are bound to 
be encountered; but if patience, accuracy and 
forethought are practised, these should not be in¬ 
surmountable. In this work, more, almost, than 
in any other, forethought must be used and each 
move carefully planned before being executed if 
satisfaction and success are to follow. 

The general principle of inletting is the same for 
all guns, differing only in the form of cut coinci¬ 
dental with the varied contours and actions. 

Select a suitable blank from the list of woods 
described in Chapter VII (Selection of Woods). 
Have in mind clearly the desired stock design, 
which is to be completed according to prearranged 
scale, dimension and finish, not losing sight of the 
required thickness of wood at points corresponding 
to butt plate, center of stock and action. If a 
cheek piece is planned, select a blank 2\\ to 2 l / 2 
inches in width, which is necessary to include the 
limits of its outline. An essential measurement is 
across the end of the blank where the action is 


placed, which should be at this point two inches 
for a straight stock without a cheek piece. Drop, 
cast-off and length of butt plate are additional 
essentials demanding constant care in the provi¬ 
sion of sufficient wood in the shaping process. 
Lay out the blank for measurement as given in 
Chapter VIII, illustrated by Figure 72. These 
measurements may be accepted as generally cor¬ 
rect. It will be of material service to cut out 
a pattern, laying the top edge Hush with that of 
the blank. With a pencil, trace identical lines 
on the rough blank, allowing sufficient wood to 
finish with, not forgetting length. Figure 61 ap¬ 
plies to a stereotyped pattern applicable to shot¬ 
gun and rifle stocks. When using the shotgun 
pattern it is most important to follow the method 
described for laying out of blank, including use 
of pattern, since at their surface of approximation 
all shotgun actions are not on (he same angle. 
An adjusting block, so called, will take care of 
most angles at the back of the action; but for the 
sake of certainty reference to the accompanying 
instructions should be made constantly. 

The Springfield is the most popular bolt-action 
rifle at this period, and I shall begin with a de¬ 
scriptive method for inletting. Whatever finish 
for the metal is intended should first be completed, 
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Fig. 75 

How a Springfield receiver it ground at tang lor more graceful outlines when restocking 


in the sense of receiving its last operation in polish¬ 
ing. Leave barrels, ramps, sight bases, swivel 
bases, etc., in the white, but polish for fitting into 
the blank. Make two long screws as shown in 
Figure 74, and grind out the tang of the receiver 
as shown in Figure 75. Grind a % 2 'inch radius 
on the end of the receiver next to the barrel. To 
study the cuts in an old service stock would be in¬ 
valuable for proper location of guard, barrel, etc. 
Study the action in Figure 74 to gain the correct 
knowledge of such important points as the recoil 
shoulder, tang of the receiver, trigger guard, flat 
under-surface of the recoil shoulder, rear-guard 
screw hushing, taper of barrel, cut-off, projection, 
sear, and trigger, the radius formed on the mag¬ 
azine, also at the end of the tang of the receiver, 
front and rear of guard, and the projection on the 
right side of the receiver near the barrel. There 
are various concave and convex sections and cut¬ 
outs to be considered also. 

When inletting any action, you are working re¬ 
versely, for the solid portion representing the ac¬ 
tion, etc., is cut out and the openings remain. 
Notice on the old stock that there are places show¬ 
ing machine operations. These were executed in 
a few moments by a fast-revolving cutter, but the 
same operation will take hours of painstaking 
labor to accomplish by hand; however, the result 
should and very likely will be of a higher quality 
in every way. 

Before proceeding to lay out primary lines on 
the rough blank, study Figures 71 and 72. As 
an initial step, square the top with both sides and 
lay out lines such as shown by lines in the draw¬ 
ing, allowing enough margin for finishing. Hav¬ 
ing the top and side surfaces planed square, scribe 
a line in the center of the blank from the tip to 
the butt, continuing to and including ends and 
under side. With a die-maker’s square check this 
line from one side only, and continue laying out 
the work from it. The measurements for drop are 
taken from this side only, in order to preserve an 
exact center. Now place the magazine and re¬ 
ceiver, together with the trigger assemble, against 
the side of the stock in its required position, allow¬ 


ing enough over all to finish the butt. The amount 
is determined according to instructions given in the 
chapter on design of stocks. After the receiver 
and magazine are in place, mark the tang of the 
receiver and the end of the trigger-guard on the 
flat side of the blank. Transfer these lines to the 
top and bottom of the blank with a try-square; they 
are the lines you will work with. Take all meas¬ 
urements of the guard forward; measure the dis¬ 
tance from the end of the trigger guard to the 
magazine, marking at right angles with a line, and 
measure the length of the magazine and draw an¬ 
other line in the same manner. Having these two 
lines for length, with the aid of a divider lay out 
the width of the front and rear portions of the 
magazine, from the center line, connecting these 
two and mapping in this manner the site of the 
first cut-out for the magazine. 

Figure 76 gives correct dimensions of the bot¬ 
tom side of Springfield guard. With a %-inch 
auger bit remove this center, having first outlined 
it with a divider. Do not encroach on any line 
nearer than %-inch for the reason of the tapering 
of the magazine from the bottom to the top. Cen¬ 
ter-punch the centers of the divider marks, and 
bore this out, removing the center by cutting out 
the thin webs with a broad flat chisel. At this 
stage proceed slowly, removing wood as far as 
the tracings show you may go, until the magazine 
enters snugly. Aside from the openings made with 
brace and bit, the entire operation is accomplished 
with different-sized chisels. The broad flat ones 
are used for the sides, the narrow ones for the ends, 
and the round gouges for the radii in the corners. 

After the magazine begins to enter, mix a small 
amount of lampblack with sperm oil, and make a 
swab tied to the end of a small piece of wood, the 
end formed as a handle. With this apply a thin 
coating on the sides of the magazine in order to 
mark definitely the tight places. Gradually remove 
these until the magazine enters freely and evenly, 
showing a bearing all around where the metal 
touches the wood. As the magazine is entering, 
have a try-square at hand and place it on the 
bottom of the former, testing against the side of the 
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Fig. 76 

Springiield guard templet for laying out purposes 


blank from where the lines were taken. By this 
method the magazine is kept from entering the 
blank at an angle. 

The projection on the front tang of the guard 
prevents complete introduction into the wood. Use 
lampblack on the face of this and with a small 
mallet lightly tap the top so that there will be made 
a good impression. Use the dividers to locate the 
center, and with a %-inch bit bore in V 2 inch; 
the bit is the exact size of the projection. Con¬ 
tinue down with the guard. Notice that the guard 
is plainly narrower in its front portion than in 
the rear, and that the trigger guard slopes grad¬ 
ually downward from this point. Keep the top 
of the magazine parallel with the top of the blank, 
permitting the under side to come as it may, since 
allowance was made for this when the under side 
of the blank was cut out. Continue to fit in the 
magazine until the impression of the rear and 
front tang shows. Now proceed to enter these in 
the blank. You will notice on the front tang that 
there is very little support left between the pro¬ 
jection and the end, so care must be taken to get 
a perfect fit on the radius. In proceeding down¬ 
ward, notice that the projection contacts with the 
bottom of the %-i nc b bored hole. Relieve this 
just a little, continuing until the guard is in place, 
so that there will be a bearing at this point. If 
made too deep, most of the center support of the 
recoil shoulder will be removed, leaving only the 
sides for a bearing, in which case it will be neces¬ 
sary to fit in a steel block to restore adequate sup¬ 
port to the shoulder. Since this is the most im¬ 
portant point in recoil uptake, its bearing between 
metal and wood must be rigid. 

When letting in the guard, allow % G -inch clear¬ 
ance for the receiver. Going back to the trigger 
guard, it will be noticed that the floor-plate catch, 
In order to operate freely, is in a cut-out near the 
magazine; therefore mortise for this upon com¬ 
pletion of the inletting. Do this before inletting 


the guard. You will again notice a slight angle 
on the radius at the end of the tang, on the guard, 
which is tapered to the bottom. Make these cuts 
on a wedge effect, which assures more perfect fit 
when the tang is finally let into the wood. 

With the guard in place, bore completely 
through the front guard-screw hole with a hand 
drill, Vi-inch diameter, using the hole in the guard 
as a guide. When drilling, keep the drill at right 
angles at all times. Remove the guard from the 
stock and replace it after enlarging the hole to 
%2 inch. Connect the long screw, making it 
possible by first attaching to the receiver to lay 
out the latter on top of the blank. With a die- 
maker's square, check the center of the rear end 
of the trigger guard for any deviation from center 
line. Should any have occurred, allow for it on 
the tang of the receiver, establish a new center line 
and make the center of the tang of the receiver con¬ 
tinuous with it. 

On the rear of the magazine is an extension 
which projects up in the receiver magazine cut. 
The magazine and receiver must fit as intended. If 
a straight edge is placed on the inside of the maga¬ 
zine at the rear, there should be revealed metal of 
the thickness of the above-mentioned projection, 
which, according to scale, projects into the maga¬ 
zine opening approximately % inch. The eye will 
tell and is the only guiding agent to determine 
whether or not the extension can enter the re¬ 
ceiver in the right position. Done in this manner, 
it will be a check on whether receiver and maga¬ 
zine are being brought up together properly. The 
tendency is to place the receiver too far forward. 

With a try-square, draw a line across the blank 
at the recoil shoulder and end of tang. Remove 
the receiver, measure the width of under side, and 
with dividers lay this measurement on the blank, 
scribing the lines the full length of the receiver. 
For a check, scribe a line across the blank at 
the end of the receiver where the barrel screws in. 
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Work can be greatly facilitated by first breaking 
the barrel out from the receiver, using for this a 
barrel vise as shown in Figure 87, Volume II. It is 
possible to fit the barrel and receiver together, but 
to simplify the operation, the receiver should be 
fitted separately. Assuming that the beginner has 
no barrel vise and must fit the barrel and action 
together, I shall carry out my instructions 
accordingly. 

When starting the action in the blank, the fit 
around the rear tang of the receiver should be close 
and the recoil shoulder show a solid and even 
bearing. The under surface of the receiver between 
the recoil shoulder and the end of the magazine 
should always bear evenly and parallel against the 
wood; likewise from the rear part of the receiver 
to the receiver tang. The cut-outs in the wood 
must correspond with the contour of the metal. 

When first letting the action into the wood, use 
a light coat of lampblack on all contacting metal 
surfaces, and be very particular not to remove too 
much wood at each cutting, which is often encour¬ 
aged by applying too much lampblack to the metal. 
Only a very thin, light coat is necessary to give 
the desired impression. A flat chisel, about % 
inch to % inch, is used mostly; also pattern¬ 
maker’s gouges for inletling the barrel, the width 
being between Yi and % inch with a gouge for 
the rear tang. 

Before penetrating very far with the receiver, 
the barrel letting-in process should also be started; 
and when let in the wood, half-way to the short 
taper, draw a pencil mark along the sides, keeping 
it well in the center. The tang of the receiver is 
also down in the wood by this time, therefore 
hold a hearing on the flat under surface at the 
screw hole. 

Check up between the rear of magazine and 
receiver to see if they are coming into correct posi¬ 
tion; also check with your eye to see that all parts 
are going in at right angles. This may be done by 
using a 12-inch combination square, laying it oil 
the inside of the bolt-slide channel of the receiver 
opening. With the square in position, the eye 
sighting along the blade detects the slightest vari¬ 
ation which may have crept in. When approach¬ 
ing the rounded sides for the action, there will be 
a tendency to work too far to the left; guard 
against this. The trough for the barrel has at this 
stage begun to take form in the wood. With a 
scriber, draw a line the full length on both sides, 
well in against the barrel, and with a broad thin 
flat chisel, take fine straight cuts down the sides. 
Do not try to hold the radius of the barrel for fear 
of rounding the edges too much by forcing the 
wood out, as this leaves an opening when finished. 


Cover the bearing surface of the barrel with lamp¬ 
black and only remove the dark impressions left 
by it. Extreme care is necessary to remove only 
that amount of wood which corresponds to the 
radius of the underside of the barrel. The long 
headless screw should be kept in place. 

At the forward point in Figure 77, notice that 
the recoil shoulder is a true square; the guard 
extension lug-hole can only be seen coming up to 
the proper distance to meet the recoil shoulder on 
the receiver. At the radius point will be noticed 
the rounded bearings of the receiver at the rear. 
This greatly increases the strength of the wood at 
these points when the receiver is imbedded, and 
also helps absorb the recoil, for by forming the 
rounded section, you place the second recoil shoul¬ 
der at the rear, which is impossible in a machine- 
made stock. One more position which should not 
be overlooked is in Figure 75, which is the projec¬ 
tion on the right side of the receiver. The sides 
may be fitted very closely, but the wood should 
be relieved away from the radius or curve which 
blends in on the side. There should be just a 
little clearance at this point as you continue to 
fit in the receiver, because it has a wedge effect 
while bringing the receiver down in the stock. Tf 
these instructions are not followed, it is liable to 
cause a chock ahead of this shoulder and in very 
brittle wood it may extend a considerable distance. 

Having the barrel and receiver practically in 
position, notice is taken of the odd cuts for the 
projection on the left side for the magazine cut-off. 
This houses the cut-off and also the shell ejector. 
When fitting in the rear tang of the receiver, do 
not allow too much wood to build up around it, 
but continue to remove the surplus forming the 
handhold up to a point about 2% inches back, 
where the comb begins to form. The reason for 
paring down along the sides of tang is that many 
times the end grain will chip out in removing the 
receiver. 

When fitting in the receiver it should first be 
fitted to half its height or half the diameter of 
barrel and receiver. Receiver and barrel should 
assume a snug fit between the wood and tang. To 
avoid future splitting of the handhold or grip it is 
a good plan to relieve the wood adjacent to rear of 
tang for a distance of %2 inch. 

A slight pressure should be evident between the 
barrel and the tip of forearm when the barrel 
cut-out is completed. Tin's should not be so great 
but that a slight pull, one from the other, would 
separate them about % 2 inch. From the tip back 
to the receiver on the under part of the barrel there 
should be a good % 2 “inch clearance between this 
and the wood; however, the side bearing should 
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be tight. The same rule is applicable to target- 
rifle forearms. When fitting a barrel band for 
either a sporting-type or target rifle, cause the 
band to bear in the wood with a clearance of % 4 
inch between barrel and band. No undue pressure 
should ever be applied to the barrel. 

When work has progressed to this point, drill 
the rear guard screw-holc. First make a pointed 
screw or use an extra guard screw, cutting it off 
to % or % inch on the threaded portion and file 
to a point in the lathe, or drill press. Then with 
a hack-saw on which the teeth have been ground 
down on the sides, cut a screw-driver slot in the 
center of the point, and screw this in the tang of 
the receiver. Place the barrel and receiver in 
position, and gently tap the tang, producing a 
center mark from which to start drilling for the 
guard screw-hole. With a center punch, increase 
the depth of the mark. Then use the centering 
device as described. 

Drill-press Centering Device — Figure 78 il¬ 
lustrates this centering device, which is clamped 


After the centering device is set up in the drill 
press as shown in Figure 78, with the %-inch rod 
placed in the hole in an upright position, the guard 
screw-hole may be drilled. Set the trigger guard 
in place and use a Vi-inch drill in the rear guard 
scrcw-hole as a guide. Place the center in the 
mark made by the center punch and bring the drill 
down into the guard screw-hole. This method 
alines the hole perfectly. Now remove the guard 
and open the hole already drilled with a “Vo 4 -inch 
drill, still holding the stock in position on the 
center in the fixture. Drill up to the center. Re¬ 
move the drill and continue drilling until there is 
only a thin web left, then insert the guard-screw 
bushing. The rear guard-screw' bushing is very 
essential; it not only separates the receiver and 
the guard, but it also gives the correct distance 
between the receiver and the guard. I always 
exercise great care in inserting this correctly, so 
that the two holes will be in perfect alinement and 
the bushing firm in the stock. 

If a drill press is not at hand, and you have no 



Fig. 78 

Centering device u*ed on drill press to aline screw holes when fitting actions Into stocks 


to the table of the drill press by a C-clamp. Such 
a fixture is used to drill holes in line and is the 
only method by which holes will come in the exact 
opposite location. 

This is a very simple fixture to make. The base 
is a piece of 1% x 2-inch cold-drawn steel with 
a %-inch reamed hole to take a %-inch piece of 
drill rod which has a center on one end. Line this 
up on the table by catching the drill rod in the 
chuck, and bring down the spindle, the drill rod 
entering the hole; then clamp. Remove the center 
and place it in position in the hole and the work on 
the center. With the proper-sized drill, feed it 
down until it meets the center. There are endless 
operations such a fixture can perform on the drill 
press. Being such a simple centering device, it is 
possible to clamp it in various positions, not only 
in stock work, but in metal work as well, where an 
offset hole is required. 


centering device to work with, the hand drill 
answers just as well when used with due care. 
Proceed as follows: From the center mark in the 
rear of the tang seat, with a %-inch drill, drill 
half-way to the rear guard-screw hole, which has 
been used as a guide to direct a %-inch drill to 
the same distance, the two openings meeting with 
the centers slightly off. Allowance should be made 
for this when drilling. With a % (pinch drill open 
the %-inch hole to the center, meeting the %-inch 
one drilled from the bottom. Remove the guard 
and check to see how close the two holes meet. If 
they are not quite in the center, correct on the 
succeeding drilling. 

With a Vi-inch drill starting from hole in the 
tang seat, meet the %-inch hole from the bottom; 
then, with a 2 % 4 -inch drill, open to this width and 
insert the guard bushing. When drilling these 
holes, grind the drills until they are quite pointed, 
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with a considerable amount of clearance so that 
they follow the center more readily. 

With the bushing in place, finish fitting the 
guard to the receiver. When the receiver with 
guard is fitted to the stock, and before the front 
or rear screws are tightened, an opening of about 
%2 inch should show between the guard and re¬ 
ceiver. The front screw should be tightened first 
when the two guard screws are drawn up, pulling 
the guard up to meet the receiver, and approxi¬ 
mating the barrel at the tip of the forearm, allow¬ 
ing a slight pressure to spring them apart as 
described. Now seat the rear screw, pulling it up 
very tightly, binding the receiver and guard to¬ 
gether, so that they will be immovable when recoil 
takes place. When this screw loosens, moderate 
accuracy is usually the result. For this reason, in 
stocking a target ride, after pulling these screws up 
rigidly, I always place anchoring screws in front 
and rear. 

The guard may be fitted somewhat tight, so that 
a blow with the hand or a small piece of wood will 
seat it in place. Light taps with a small mallet 
may be used, providing you do not use the mallet 
as a hammer to drive in the parts. When the 
guard is to be removed, hook the index finger in 
the trigger guard and tap lightly in front of it on 
forearm, which easily removes it from the maga¬ 
zine mortise. When fitting in the tangs of the rear 
and front of the guard, the edges naturally blacken 
the sides. The sides must be tight, or the fit must 
be so that metal and wood come together with 
slight friction; therefore, do not be deceived by the 
lampblack marks and remove more than the neces¬ 
sary amount of wood. Light conditions will at 
times deceive, especially when shadows convey the 
impression that more wood should be removed than 
necessary. At the tang of the receiver, the line 
of approximation must be close, but not to the 
extent that wood is broken out when removing 
the former from the mortise. 

Remember that all parts must fit perfectly and 
the work proceed slowly and with patience. Fore¬ 
thought, good judgment and determination will 
solve most of these difficulties. Bring into play 
those tools that are the most convenient to use. 
I might tell you to resort only to those designated 
for specific purposes, but on the whole it would be 
poor advice, for I have found that many men “use 
a shovel to better advantage where a pick should 
be used.” 

When fitting the barrel to the forearm the chan¬ 
nel should be slightly narrower than the barrel, 
for when you scribed the lines along its sides, you 
turned the scriber inward. The barrel rests on 
these edges not quite half-way to its depth in the 


groove. Work away the lampblack which has left 
its tracing on the bearing points, using extreme 
care to remove the thinnest cut possible with more 
freedom in excavating the heavy bearing points 
that arc made by the receiver in the wood. Finally 
the barrel will rest on the bottom of the radius, 
but not seated to quite half its depth for the reason 
again that the lines are made to encompass a nar¬ 
rower space than the barrel. They should be 
obliterated and new tracings made which impart 
the illusion that the space between will be too 
great; this makes one doubly careful. Wide thin 
chisels are used subsequently and for final hollow- 
ing-out purposes; to avoid tearing the wood they 
should be brought to the keenest edges. The cuts 
must be straight down, overlapping each other, 
and scarcely scraping off the surface. Lastly, the 
radius at the bearing points shown by the lamp¬ 
black should be removed with round pattern-maker 
gouges. 

When the final fitting of the guard is in order, 
assemble the floor-plate catch. You have left be¬ 
tween Ys and -y ic inch to pull the guard in place. 
At this stage of the final fitting, pull the guard and 
receiver together with the front and rear guard- 
screws, which furnishes the opportunity to make 
any final necessary correction. 

Remember when using a thin flat chisel to make 
the cut straight down. Beginners are liable to 
undercut the sides, which calls for a deeper cut and 
results in an unsightly and disappointing opening. 
The latter mistake is common not only to the 
novice but to experienced cabinet makers and car¬ 
penters in their first attempt to inlet an action. 
It is far better to cut a slight angle in the opposite 
direction than to hollow out the wood, thereby 
enlarging the bottom. 

Do not lose sight of the fact that the top line of 
the stock must be held straight as the cut-off 
housing is fitted, and that the recess is considerably 
deeper than in the service stock. Keep it straight 
from the tip of the forearm back to the end of the 
cut-off with the slope of the receiver tang, allowing 
the cut-off to come in the center of the plunger 
catch to remove the bolt. Notice also that the 
wood projects high over the cartridge opening on 
the right side. It must be removed from the radius 
of the forward projection, back to the outlines of 
the tang; this can be done while the receiver and 
guard are assembled and then completely finished 
on the final shaping. 

If one should wish to restock a number of 
Springfields in the course of say a year, it would 
be better to secure an extra receiver from the 
D.C.M.*, using it as a model when inlet ting this 

• Director of Civilian Marksmanship. 



130 


THE MODERN GUNSMITH 


part. It lakes less time to inlet the receiver alone, 
but when it is done in this manner and the barrel 
is afterward screwed in place, the succeeding steps 
are identical with those described for the inletting 
of the two parts jointly. 

To do a refined job, sandpaper carefully the 
entire mortised surface, being careful not to touch 
the edges. A workman with some experience and 
with sharp chisels may, by the exercise of a little 
care, inlet an action so smoothly that sanding is 
superfluous. 

Before laying out for trigger and sear seat re¬ 
move all metal parts and observe again how this 
was done in the old stock that is being used for 
reference. Make the opening no larger than the 
space necessary to clear a full travel of the sear 
and trigger when operating. 

Templets are used in turning out stocks on a 
production basis, but the beginner is advised 
against their employment except in an experimen¬ 
tal way. In Figure 76 the proper dimensions for 
a Springfield guard and magazine templet are 
given, which in this case is completed % 2 inch 
less in all directions, so that when inletting, exten¬ 
sions may be made to a hair-line fit. If the student 
has no sketch such as Figure 76 illustrates for 
other arms like this to go by, a good plan would 
be to secure a piece of No. 18 gauge sheet brass, 
and scribe first a center line, and square one side; 
then with a combination square you may scribe 
two lines at the top and bottom of the sheet, rep¬ 
resenting the front and rear guard-screw holes the 
correct distance apart. Then with the dividers 
lay out widths and connect these, forming the lines 
rather deep. Allow all measurements to be % 2 inch 
smaller than the figures on a side. Templets should 
be Ziq inch smaller in width and also in length. 
Never make a templet by cutting out paper from 
sample pieces, pasting the pieces on brass or tin, 
and filing to the paper; rather, measure the tem¬ 
plet to be made, and lay it out with accurately 
scribed lines. File to the center of the scribed 
lines and drill two small holes on the ends for the 
purpose of locating the templet, and holding it in 
position for scribing. 

I am firmly convinced that almost any man who 
has seriously completed his first job of inletting on 
a Springfield is entitled to a feeling of superiority 
over the average gun crank. Many mistakes will 
have been made on the first one; the second will, 
however, be much more simple, and the experience 
gained is sufficient to do this work on any bolt- 
action rifle, the essentials being the same except 
for minor differences, such as location of screw 
holes, side magazines, trigger guards separate from 
magazine, etc. No high-grade bolt-action rifle is 


more worthy of a fine, well executed stock than 
the Springfield or Enfield, especially since their 
popularity is bound to continue for years to come. 

Due to difference in shape and construction of 
a Krag action, the method of inlctting is not quite 
the same as for the Springfield M-1903 action. 
The magazine and action are combined, necessi¬ 
tating rather odd cuts, but generally speaking the 
same mechanical rules apply to both. 

The first operation is to lay out the magazine 
and action in proper relation to the size of the 
blank, having first scribed a center line the full 
length on top and bottom. Next, measure up to 
the recoil shoulder. The magazine on a Krag is 
part of the action, and the recoil shoulder is one 
solid piece which forms the rear end of the maga¬ 
zine. Scribe a line at the forward end of the 
magazine and place another line at the end of the 
receiver. Scribe these lines across the blank. The 
receiver end measures 1.3 inch; as w-ith dividers, 
lay this out on the receiver cross-line, also at the 
recoil shoulder. Then draw lines between the two, 
extending the lines rearward at least one inch 
further since the diameter of the receiver is the 
same at the front as at the point. The full-length 
line of the left side must be held, for this con¬ 
tinues from the end of the receiver to the magazine 
cut-off. You will notice on the left side of the 
recoil shoulder a recess, which has rather an odd 
form. Remember to lay this out on the top of the 
blank, as it acts as a recoil shoulder. Many make 
the mistake of cutting it out square with line on 
the left side. 

When the above scribing is completed, lay out 
the center section for removal by drilling. Do not 
approach nearer than % inch to any scribed lines. 
Measure downward from half the diameter of the 
receiver to the bottom of the magazine, and mark 
the depth on the right side of the stock. This is 
the final depth when the action is fitted, and with 
a %-inch bit bore out the surplus wood. Next, 
cut out the recess for the magazine. Remember 
to keep the larger radius in the front of the maga¬ 
zine and recoil shoulder at the left side. 

Before fitting in the magazine and action, grind 
the tang of the receiver with a radius on both sides, 
just as you ground the Springfield receiver tang. 
This makes a much neater finish than to allow a 
sharp edge at the end. Cover the contacting sur¬ 
face of the magazine with lampblack as previously 
described for the Springfield. Gradually work out 
the wood for letting in the magazine action and 
barrel. As these parts begin to go into place, 
scribe the outline and rough out all the surplus 
wood. Continue to spot and fit, slowly and care¬ 
fully, until all metal parts are properly placed, 
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leaving no open seams between metal and wood. 
There should be no hesitancy in constantly resort¬ 
ing to inspection of the old stock to familiarize 
oneself with the general outline of the cuts and 
avoid thereby heartbreaking errors. As the Krag’s 
recoil shoulder is at the rear of the magazine, on 
the left side, it is very important that the wood 
in this location fit closely against the magazine. 

The guard-screw holes are located the same as 
on the Springfield, except that in this instance 
there are two to locate, front and rear. The pointed 
screw, made for the Springfield rear guard, may be 
used to locate both. Use it first in the front screw 
hole, then in the tang, tapping gently in order to 
secure an impression. Center-punch the two holes 
deeply. The front guard-screw hole is straight; 
bore it through with a small hand drill, following 
with a 1 % 4 -inch drill ground pointed to enlarge 
the hole to the required size. 

With a small caliper, using the old stock again 
as a guide, measure the thickness of wood between 
the magazine and the bottom of the stock, allowing 
a full \\ inch for a tolerance to work to. After 
measurement has been made, remove the wood 
from the bottom of the blank to the required thick¬ 
ness, keeping in mind that the rear of the trigger 
guard slopes gradually, for which a slight angle 
must be allowed. 

To let in the trigger guard, place barrel and 
action in position, and with the long screw which 
was used for the Springfield to set in the receiver, 
line the guard in position. Having squared the 
sides of the blank, with a die-maker’s square set 
the blade to the center of the tang on the receiver. 
With this setting, locate the trigger guard by 
scribing a line in the center at the rear; then place 
the guard in position and scribe around it. It will 
be in the proper location in relation to the rear- 
tang screw hole, and by holding the front end in 
position, inlclting may be proceeded with. Make 
wary use of lampblack coating, and try for a hair¬ 
line fit, not forgetting the rear slope where the 
wood must be heavier. When the guard is in about 
half-way, try to catch the front guard screw; if 
unsuccessful, mortise a little deeper, or until it is 
possible to enter the screw into the magazine, 
pulling the guard up tightly. Remove the screw, 
action, and barrel, and with the trigger guard in 
place, drill for the rear guard-screw hole. This 
hole does not require a bushing as in the Spring- 
field; consequently it should be finished to size of 
the screw, or slightly larger. I prefer a letter-F 
drill for this opening, which measures .257 
diameter. 

It has often been suggested that the under sur¬ 
face of the metal parts be coated heavily with 


lampblack to locate screw holes. It is, however, 
one of the most inaccurate methods, for the reason 
that the oil and lampblack run on the surface of 
the wood, making it most difficult to locate any 
given point definitely. The correct way is to use 
a center screw, which eliminates all guess work. 
The latter method is used in die work, when it is 
necessary to locate holes tapped blind in a new die. 

After the drilling for the guard screws is com¬ 
pleted, set the trigger guard down to the desired 
depth, using the front and rear screws to pull it in 
place and to produce the impression made by the 
lampblack. Once the guard is seated to the proper 
depth, the surplus wood may be cut away to the 
desired level. Lay out for the trigger, removing 
wood so that both trigger and sear work with 
freedom. Coat the sear with lampblack and relieve 
all wood where the markings show. Follow in¬ 
structions on relieving wood from the end of the 
tang to the comb as given for the Springfield. 
Then cut out the left side where the magazine 
plate fastens. Lay the outlines of the cut-out from 
the inside and then saw this section out. The rear 
has a straight cut-out, but the front must be done 
to the end away from the plate with a radius at 
the top and bottom, in order to assure a satisfac¬ 
tory fit. The top radius in the front is rounded off, 
allowing its lines to blend with adjoining ones. It 
is a mistake to cut out squarely in front and at 
bottom, since the surface is curved in those 
localities. 

Having acquired knowledge and experience in 
the art of inletting the Krag and Springfield, let us 
consider another type of stock—that for a shotgun. 
The construction of a new slock of desired form 
for the cheaper grades of shotguns often costs more 
than the original gun. Sufficient experience to 
carry on an experiment of this nature enables any¬ 
one to make an appreciable saving; besides, it will 
furnish the training eventually to restock credita¬ 
bly an arm of finer quality to which the fitting of 
a mediocre stock would be sacrilege. 

The selection of wood should be in keeping with 
the grade and ornamentation of the metal parts, 
and for a high-grade gun the better and conse¬ 
quently more costly types of French walnut are 
best. Anson and Deeley actions with cross bolts 
and box locks represent practicality and the stand¬ 
ard construction used in all good-grade shotgun 
actions. The general design has changed but little 
since it reached the contour we are now familiar 
with. Minor details have been incorporated, but 
the general architectural design has remained 
about the same during the last few decades. As in 
the stocking operations for rifles, study of the cuts 
and mortises of the original stock will simplify 
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many a vexing problem that might otherwise not 
be solved until too late. Let us imagine that our 
new stock is for a fine arm, say a William Cash- 
more with pistol grip, or William Ford. 

Begin by removing the sears, top lever, spring, 
and safety arm from the trigger guard, and strip¬ 
ping the action ready for laying out on the stock 
blank. The latter is usually purchased roughly 
cut to approximate size, but it will be necessary to 
cut off the forward end at that angle coincident 
with the required drop. To determine this, place 
the barrels in the action, resting the assembly on 
a piece of straight board or plate with the top rib 
down. The blank should be laid parallel and an 
estimate made of drop at heel and comb. On the 
back of the action, when it joins the stock, use a 
bevel protractor to find the correct angle as the 
action rests in this position. Transfer this angle 
with a scribcr to the forward end of the stock, at 
a point which will insure proper stock length over 
all when the latter is fitted to the action. Square 
top and left side of the stock and also the face of 
the cut end. If the amount of wood to the right 
of the scribed center line is not sufficient for the 
desired cast-off, the center line should at this stage 
be moved far enough to the left to make possible 
the inclusion of more wood to the right of it. 

The scribed center line, drop at heel, and cast-off 
are determining points for location of the tang of 
the butt plate. The center of its tang and width 
measurement, with length, establishes its position 
on the butt. 

There are two types of action tang, the long 
slender one and the one that is simply a broad¬ 
ening out of the rear portion of the action. With 
dividers lay out its form V 32 inch under full size, 
and cut out with a thin narrow flat chisel. Pene¬ 
trate to a depth of about Vs inch, avoiding en¬ 
croachment on full width. Bring this marking up 
to the action and with a Vi-inch thin chisel start 
to remove the wood. Now check with the action 
in place to get an idea of how well the cuts have 
been made. With a round gouge relieve the radius 
at the step, where the narrow portion of the tang 
begins, and also the face of the cut end. 

Before it is possible to fit the action and the 
tang in place, it will be necessary to cut out for 
the square locking bar which extends out about 
% inch. Having completed this, the fitting of 
action and tang may now be done. Place first a 
light coat of lampblack on the contacting metal 
and relieve only the heavy spots with fine shavings. 
When the action barely fits into the wood, attach 
the barrels and check for drop at comb and heel, 
allowing enough surplus wood for planing so that 
the required drop may be obtained when the action 


is completely inlctted. The latter will have been 
accomplished when the metal is adjusted to the 
wood both on the face and tang with a hair-line 
fit. Since the wood was left full at the bottom, it 
is in order now to remove the surplus to form the 
pistol grip. Allow %o inch of wood from the bot¬ 
tom of the action. Many make the mistake of 
cutting the wood almost flush with the bottom side, 
not realizing that the bottom plates are yet to be 
assembled to the action. 

With the butt clamp shown in Figure 22 fasten 
the action in place, and lay out the bottom side 
for the trigger plate. Stay inch inside the 
lines, and with a thin narrow chisel bring the depth 
down about % inch; next remove the butt clamp 
and with a dic-makcr’s square, measure back to 
trigger housing. With a %-inch bit, bore in % 
inch; then with a Forstner bit extend the opening 
a trifle deeper. Lay out for the safety extension 
and bore out some of the surplus wood, also tool 
out more so that these will go down in place. With 
a % 0 -inch bit bore into the rear safety cut-out 
and remove the wood down lo the bored hole, 
meanwhile studying the cut-outs on the original 
stock. When the plate has been let almost the 
required depth into the wood, place the action in 
position and check up the rear screw hole. The 
former will still extend up on the wood, indicating 
however, just how close it is to the proper depth. 
Again, clamp the action in place with the butt 
clamp and apply a light coat of lampblack, start¬ 
ing the plate down into the wood. Cut out until 
you are able to screw action and trigger guard 
together. Extreme care must be taken on all cuts, 
especially at the bottom bearing, where the large 
front screw holds the trigger plate in place. With 
calipers determine the distance between top and 
bottom cut-outs of trigger guard and action tang. 
Notice that the curve of the trigger plate, at the 
rear, is rather abrupt and is the commencement of 
the curve of the pistol grip; also that the cut-out 
for the safety lever is situated rather close to the 
rear screw hole. This bearing must be held with 
exactness or the recoil will be an ever-present 
factor in loosening the action. There is but a 
small bearing on the sides for the trigger plate to 
rest on; therefore, this must also show a full bear¬ 
ing cut-out only for the small screw and spring on 
the left side, which is part of the single-trigger 
mechanism. 

After having the trigger plate set in at the proper 
depth, make a pointed screw for the large screw 
hole at the front end of trigger plate, similar to 
the one made for the Springfield rear guard screw. 
Insert it with the butt clamp, still holding the 
action in place. Next remove the plate, also the 
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pointed screw, and with a center punch deepen the 
center mark already made. 

Again assemble the plate with the butt clamp 
still in position, and drill out the rear screw hole, 
using a drill the exact size of the screw. Place the 
rear tang tapped hole on the center of the centering 
device, the same as you did with the Springfield 
in order to drill the rear guard-screw hole. If a 
drill press is not available, use the method already 
described for drilling, which if carefully handled 
is amply sufficient. In any event, great care must 
be exercised so that the trigger plate will be the 
proper distance between the top and bottom of the 
wood, since the relative position of the hole 
changes whenever the plate is let in a step deeper. 
This naturally makes it difficult to pull the action 
solidly against the stock and leaves an unsightly 
opening at the bottom when assembled. 

After the rear hole is bored, the one for the 
front screw should he prepared. This is a tapered 
screw, therefore check its size in a drill gauge. 
Choose a drill for the smallest size of the taper, 
which is at the threads; then select another which 
just fits the hole in the tang, and center the wood 
with this. Check the drill used for the small end 
of the screw, and place the stock on the center 
located by the pointed screw. Sense of touch 
readily reveals when center and center mark co¬ 
incide, but to make sure, repeat the trial several 
times. Drill through and assemble the trigger 
plate. As this is screwed down, it forms a solid 
bearing in the wood because of the taper on the 
screw. 

The two screw holes are now completed, and 
the front screw is in position, so the trigger guard 
may be set in. The rear screw, on a Cashmore, 
holds the trigger guard in position as well as the 
trigger plate, but on nearly all other Anson and 
Deeley actions, either one or two wood screws, 
accurately alined, hold this guard in position. Be 
particular about cuts made with the chisels on the 
end of the tang, as this is on a sharp angle to the 
bottom. Have wood and metal come flush, for 
an opening here is inexcusable. After the guard 
is in place and the long screw is in at the proper 
depth, the most difficult part is completed. 

Disassemble, and make the necessary other cut¬ 
outs in the stock for the safety device and the 
top-lever spring; then assemble the safety levers 
on the trigger plate and make the required cuts for 
these in the bottom, removing just enough wood 
for all the working parts to clear. Put this to a 
test by reassembling and screwing together for a 
trial as to free-working quality. There may still 
be a few minor cut-outs for tumbler clearance. 
These are made on the face of the stock to clear 


the sear, which may require the removal of a 
slight amount of wood indicated by the lampblack 
impression. When this assembling and fitting is 
completed, all parts are removed, washed in gaso¬ 
line and thoroughly polished before final relation¬ 
ship between stock and action is established. 

In the process of this work, a great variety of 
chisels have been used, including bottoming and 
several widths of narrow chisels to make the cuts 
for the safety lever which extends under the tang. 
Thin wide chisels were utilized for relieving the 
sides, as well as radius gouges in dealing with 
curves and angles. As I have explained before, 
it is best for the beginner to allow his choice of 
chisels to conform to individual needs, which can 
be determined only as the work progresses. In¬ 
tuition, common sense, and personal equation will 
be guiding helps, and if instructions are carefully 
and painstakingly followed there is no reason why 
anyone with the least bit of mechanical ingenuity 
should not surmount difficulties which at first 
seemed impossible. v 

While on the subject of shotguns, I am not for¬ 
getting those of domestic make, such as the Parker, 
Smith, Ithaca, Fox, etc., with the multitude of 
cheaper arms and the hammer guns made in the 
interior between 1870 and 1900. All these may 
be restocked successfully. Altho not great, the 
demand for hammer guns still exists, and a num¬ 
ber of European gunmakers continue their manu¬ 
facture. It would be impractical to give a full 
description of inletting all hammer shotguns, but if 
the reader has working knowledge of the require¬ 
ments of this subject as it pertains to a representa¬ 
tive arm of high grade, he need feel no hesitancy 
in undertaking the fitting of a stock in any of the 
lesser grades. 

Let us now touch upon the Fox 12-gauge double 
shotgun, where the cuts for the action on the end 
of the blank are started a mite differently from 
the way used for a standard box action, like the 
Parker. The safety pin of the Parker and Fox 
are similar, both being drilled on an angle through 
the wood to meet the safety lever. The method 
already described relative to placing the safety pin 
applies equally for properly penetrating the wood 
when stocking these two types, as do also the in¬ 
structions for laying out and inletting of action. 
It is, however, necessary to consider the fact that 
a Fox 12-gauge action is wider and relatively 
heavier; consequently choice of wood block is lim¬ 
ited to one between !% and 2 inches in thickness. 
Saw off the end of blank at the angle giving the 
required drop, remembering also length from trig¬ 
ger to butt plate, with a generous surplus at the 
butt. Assuming that the blank is roughly shaped, 
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place the action against the angle at the forward 
end and trim down to the start of the comb so 
that the slope of the tang coincides with the 
curve of the grip. 

This completed, disassemble the top lever mech¬ 
anism. Observe that the side extension pin which 
engages the safety is riveted on, and the only part 
removable is the bottom screw which engages the 
plunger and spring. In removing this the top 
lever may be moved at will. 

With the old stock for comparison, notice that 
the center has been excavated for a distance of 
about Y> inch back. With a l% 0 -i nc h wood bit 
bore this out, keeping the same angle on end. A 
little over half of the cutting surface of the bit 
will be engaged, but with the end of the blank held 
securely between the vise jaws, a very good job 
may be done. Use a round file to approach the 
lines made for width. Measure down to the center 
of the extension pin and lay this off on the left 
side, and with a %-inch bit bore to the required 
depth. The center you leave is what you will use 
to drill through to meet the safety lever. 

You are now prepared to proceed with the in¬ 
letting of the tang. Having disassembled the 
safety slide, spring, and connecting lever, there 
will come into view a round button for the lever 
to work in, and as this cannot be removed, it will 
be necessary to cut out a clearance for it as you 
fit in the tang. Follow the regular instructions 
given as performed on the Cashmore, from this 
point on, namely fitting in the trigger plate, 
guard, etc. 

The Ithaca, Baker, Winchester, and Lcfcvcr are 
all on the same order, and when one or two com¬ 
plete inletting jobs on shotguns have been mas¬ 
tered, the others will be comparatively simple. It 
takes time and patience, but when interested in 
such work, one’s mind is so occupied that the time 
is spent quickly and pleasantly. For myself, no 
more agreeable occupation exists than to apply my 
time to this class of work; it is a labor of love. 

The following will be a brief description of how 
to let in a side-lock action for an L. C. Smith or 
similar double shotgun with side locks. This 
method is applicable to most side locks, since all 
except a number of British makes are very much 
alike. Two additional types of locks are encoun¬ 
tered: those of the bar and the back-action variety. 
Side locks are those which are let into the side of 
the bar of the action; in others, the whole of the 
lock is situated behind the action body. The 
former type is called bar-action side lock , and the 
latter back-action lock . In the L. C. Smith the 
locks are of the bar-action type. 


It might be well to consider hammer guns at 
this stage of our description, for the reason that 
the locks of all hammer guns are necessarily side 
locks, and their general design is identical with 
the hammerless side locks which we are now touch¬ 
ing upon. The parts are all situated between an 
outer lock plate and an inner bridle, and the prin¬ 
ciples of mainspring swivels, tumbler, and sear are 
exactly the same as in hammerless side locks. The 
only notable differences are the shape of the tum¬ 
bler and the absence of the cocking lever. 

Before the locks are let into the slock, it will be 
necessary to let in the action and trigger plate. 
Follow the instructions given for the Cashmore, 
and when inletting the trigger plate into the stock, 
be careful to imbed the plate completely, in correct 
position; for when the lock is let in, the arm of 
the sear must bear upon the wide part of the 
trigger and not on the outer edge. If it rests upon 
the outer edge, when pulled to disengage the nose 
of the sear from the tumbler notch, it produces a 
twisting action with less rapidity and insufficient 
strength properly to disengage the sear without 
considerable effort. 

Having removed all parts from the locks, and 
leaving only the plate to work with, proceed to 
inlet this into the stock. Remove the wood from 
the sides of the stock so that it is flush with the 
sides of the action straight back, preparatory to 
letting in the lock plates. In doing this, work 
carefully so that no more wood is removed than 
is absolutely necessary. See that the lock plates 
have all the support possible where they engage 
with the wood, and after they are in position drill 
out for the sears to meet the triggers. Assemble 
all parts and coat them with lampblack. Cut out 
for the tumbler, main spring, scar spring, and 
bridle. Remove only enough wood so that the 
parts will just clear, and the pockets thus formed 
will give support where necessary. Be very careful 
not to remove any wood where the edges of the 
lock plates come which would serve to leave open 
spaces for water, dust, or moisture to enter. 

It is advisable to fit only one side at a time. 
Determine whether or not the sear has a good 
bearing on the wide part of the trigger by looking 
through from the opposite side, and then drill for 
the side-plate bolt, using the centering device as 
previously described. 

The action and trigger plate should be kept 
screwed together; this gives a better support to 
the wood, since when the locks are completely 
inletted, there remains but a flimsy skeleton of 
wood. Great care must therefore be exercised 
in the manner in which the stock is placed in the 
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vise; with gently applied pressure when shaping 
the butt end. 

Here, again, constant reference to the cut-outs 
in the old stock, if there is one, will be a most 
welcome help. If this assistance is not available, 
screw the action together, make a free-hand sketch 
of the openings, and jot the measurements down 
on paper. You will find that by doing this, fewer 
errors will creep in. 

Fitting forearms to double or single shotguns is 
not necessarily a difficult operation. First, strip 
all the parts from the fore-end iron, such as the 
plunger housing and plunger roll or catch. This 
will leave the bare forearm ready to fit into the 
wood. When a fore-end iron has the automatic 
ejectors attached, I would not advise the beginner 
to disassemble these or any parts of a self-ejecting 
double gun without previous experience or instruc¬ 
tion in this departure. The several parts are made 
to fit so closely, that if they are once out of adjust¬ 
ment it requires a mechanic with the proper expe¬ 
rience to restore them to working order; hence it 
is far better to leave the automatic ejector in place, 
and fit it into the wood along with the iron. 

Select a piece of wood which matches the butt 
stock, allowing width, length, and thickness for 
finishing. Plane the top, bottom and sides square, 
and then scribe a center line the full length on 
the top and lay out the width of the iron with 
dividers, allowing inch to finish to on each 
side. Start the center cut-out and begin letting 
the iron into the wood. Coat the metal with lamp¬ 
black and remove the wood only where the heavy 
bearings show. Having set in the iron to the re¬ 
quired depth, begin to form up the wood for the 
end radius on the iron. Fit this until wood and 
metal come flush, with a perfect bearing on the 
radius. The iron should be fitted deep enough 
into the wood so that there will be a surplus 
amount of the latter to finish against the bottom 
rib, when the radii of the barrels are let down 
into it. 

When this has been completed, assemble the 
barrels to the actions and cut out the contours for 
the barrels. As you set the iron against the radius 
on the end of the action, coat the barrels with 
lampblack to form a bearing the full length of the 
wood and also in the front, against the under side. 
Now let in the fore-end lock and scroll-iron tip, 
if any; then locate screw holes and fasten all parts 
together in order to see if the fore-end assembles 
without difficulty. When this is done, begin to 
form up the outside to the desired design, such as 
a beaver tail, or any special form that fancy 
dictates. 


To protect the barrels when shaping the outside 
of the fore-end it is often convenient to make a 
wooden form to take their place in the channels 
hollowed out for them. Make special long screws 
to fasten the fore-end to the form, then remove 
two of the screws from the fore-end iron and use 
the former to fasten the forc-cnd to the form. 
This saves the trouble of frequent assembling and 
makes possible a constant understanding of the 
proposed symmetry that is sought after. 

The inletting of shotgun actions requires some¬ 
times a goodly amount of forethought, because of 
deviation from the accepted standard or normal 
type. In this sphere is included the Greener and 
the product of several German makers who enter¬ 
tain the same idea relative to locating the safety 
on the left side of stock, set in a scroll housing 
with the safety bolt running through to the oppo¬ 
site side. In restocking an arm of this make, par¬ 
ticular pains should be taken to locate this device 
accurately as well as to fit the housing of the 
safety into the wood so that no opening will show. 
A volume could be written on this subject; how¬ 
ever, enough of the important details have been 
set down to enable the beginner to embark on the 
venture of inletting a shotgun action, and this is 
my principal object, because I know that after the 
experience of a first attempt, faithfully carried out, 
the second cannot fail to reflect credit and be a 
stimulus to further effort. 

The French Lebel and the Russian 7.62 mm. 
and the 8 mm. Mannlicher are similar. They are 
of the clip-feed type and the most difficult of all 
actions to inlet, according to my opinion, because 
of the long narrow magazine and the fact that the 
action must be let in first. Remove all parts pos¬ 
sible and inlet the barrel, action, and long narrow 
magazine and trigger, following the general prin¬ 
ciples already described. The magazine and guard 
on these rifles are easily thrown out of alinement, 
because of their shape and the difficulty of follow¬ 
ing it in mortising. Screw holes are bored in the 
manner I hope every reader is now familiar with. 
Figure 50 will give the student an idea of a Steyr 
action as it appears when completed. 

Among the more difficult makes to inlet is the 
Mannlicher-Schcenauer. Here, also, the barrel and 
action are first inletted, reversing the order in the 
Springfield, with magazine, trigger plate, and 
guard following. This type of rifle has a well¬ 
shaped full-length stock which instils the desire in 
many American riflemen to duplicate it in a Spring- 
field, Mauser, Winchester, or Remington bolt 
action. Our usual care multiplied several times 
must be given this inletting. First the receiver 
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and magazine are inletted, permitting the receiver 
to stand above the center line Vi c, inch or more and 
allowing % inch between the magazine and action. 
Then screw the barrel into the receiver and grad¬ 
ually inlet it the full length. Be careful not to 
have a twist in your channel forcing the barrel to 
one or the other side, and see that barrel and 
stock come together without the least spring be¬ 
tween them. When penetrated to the depth of the 
receiver, begin to inlet both the barrel and action 
until they come down to the center line; then 
finish inletting the magazine and guard, pulling 
them together with the front and rear guard- 
screws until all are in their respective places, with 
the end of the barrel imbedded with enough relief 
to require only a little effort to spring it out of its 
channel. When work has progressed to this stage, 
remove the barrel and relieve the bottom of the 
channel, as described, along its full length, so that 
only the end has a bearing. 

The inletting of a Mauser receiver and guard 
is similar to that of the Springfield, and less diffi¬ 
cult for the reason that one does not have the 
cut-off housing or projection to contend with. 

The Newton, Ross, Savage bolt action, Model 
1917 Enfield, Winchester Model 54, and Reming¬ 
ton M-30 have a stamped sheet-metal magazine 
which is separate from the guard, and for that 
reason all are rather difficult actions to inlet. The 
Newton, for instance, which is about the most com¬ 
plicated, has a separate magazine and set triggers 
in the guard, as well as the false tang or rear 
receiver fastening. The latter consists of a tang 
which also serves as the end receiver “hold-down.” 
A screw passes up from the guard holding it and 
the tang in position. In restocking one of these 
rifles, I eliminate the long screw which comes 
through the pistol grip, holding the grip cap and 
rear of tang in position. The reason for doing this 
is that the Newton grip is situated some distance 
back, and when placing one in the usual position 
it is out of line for the screw hole; therefore the 
better plan is to drill to the rear of the tang for the 
substitution of a common long wood screw. 

When stocking any of these mechanisms, as we 
have stated before, it is better to inlet the barrel 
and receiver first. On the Newton, this order may 
be reversed, but if there is any hesitancy on ac¬ 
count of lack of experience, it will simplify the 
procedure to inlet the receiver and then the barrel. 
Remove the front screw which is a part of the 
floor plate, the floor plate being used to pull up 
the forward part of the guard. When fitting in 
the guard, cut out for the set trigger housing with 
the guard in position and for the separate sheet- 


metal magazine the rear of which fits at the sides 
of a projection of the guard. Be very careful 
to get the mortise the right width and length and 
at the same time leave a small bearing for the 
magazine where the floor plate comes, and also 
for the magazine shell. 

The Ross is very similar to the Newton, ex¬ 
cept that the Newton guard has more metal. The 
student will find all such actions much more dif¬ 
ficult to manage than the Springfield or Mauser, 
but worst of all is the Savage bolt action. The thin 
plates of the magazine make a satisfactory fit all 
the more problematical, and add materially to our 
difficulties. 

Few gunsmiths make a practise of restocking 
the old muzzle-loading percussion type of rifle, but 
many inquiries are received regarding such work. 
The price is usually prohibitive, since it requires 
special effort, and more time than the job is worth 
in most cases. However, if the novice should have 
occasion to make a new stock for such a gun, he 
will encounter no great obstacles, especially if he 
has an old stock from which to take suggestions. 
Every variety of factory arm, including Marlin, 
Winchester, Remington, Savage, Stevens, is sub¬ 
mitted for restocking with some difference pre¬ 
sented in each, usually of minor importance. In 
most of these the rifle is held to the stock by a 
single screw connecting upper and lower tang, which 
greatly lessens the task of inletting. The cuts in 
the wood are easily made, and these types are 
recommended for experimentation and to obtain 
the necessary dexterity in the use of tools. Stocks 
on the last-mentioned arms are turned out by ma¬ 
chinery and very few fit the average man. Natural¬ 
ly, in making a standard product it was necessary 
to make a stock which would answer the general 
requirements of most buyers. Nearly every en¬ 
thusiast has at least one in his collection, some¬ 
times a very fine arm, and it is well worth the effort 
to equip it with a stock which adds worth and 
efficiency. 

In some instances stocks are held, to the action 
by means of a bolt running lengthwise from the 
rear. An oversized hole is bored starting at the 
butt end for a distance, abruptly assuming correct 
diameter of the bolt used to tighten stock to action. 

There is only one positive method to drill this 
hole and that is to do it between centers on a lathe 
or drill press. Should this operation be attempted 
by hand with a brace bit and extension drill, it 
would be wise to have a blank large enough when 
the drill drifts from center to have a sufficient 
amount of wood to correct any possible error. 

The following is a good method where access 
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can be had to a lathe or drill press. After select¬ 
ing the stock blank you wish to use, cut the end 
on the proper angle for drop, also cut near to the 
required length. Lay out the center lines accur¬ 
ately at front and rear, and mark the vertical 
transverse center in butt and front end. Bore 
the large clearance hole first, then select the proper- 
sized bit of extra length and chuck this in the 
lathe; the former should run perfectly true. Meas¬ 
ure the correct depth and mark this on the shank 
of the bit. Begin drilling from the center in the 
butt end of the stock and place the center of the 
lathe tail stock in the center which was laid off 
on the front end; start the lathe at a moderate 
speed, feeding the stock against the bit until the 
line marked on the shank for the correct depth is 
reached. Next remove the bit and use an exten¬ 
sion drill. This is made by turning down the 
shank of a drill, then drilling the end of a piece 
of drill rod a little under the size of the drill, and 
sweating these together in an uninterrupted straight 
line. The drill selected must be of the same di¬ 
ameter as the bolt. Three or more sizes of bolts 
are used for this purpose: VI, r / nit % inch, etc. 
Grind the drill with a long taper for drilling wood 
with a considerable amount of clearance, and it 
is ready to chuck in the lathe. Start where the 
wood bit left off and go through until the drill 
emerges at the front center mark, making what 
should be a perfectly alined hole. 

On some arms there is an extension from the 
action which goes into the stock two or sometimes 
three inches, the holt being fastened into the end 
of this as in the M-97 Winchester. If this is the 
case, drill accordingly by first boring the clearance 
hole to the proper depth, then drilling the one for 
the bolt which meets the center of the hole first 
drilled. 

A number of the single-shot rifles have bolts 
running through the stocks, as for instance the 
old Ballard. The idea of a bolt through the stock 
is practical in that it keeps the stock tight against 
the action. In these types all that is necessary 
to tighten the action is to remove the butt plate, 
and with a long screw-driver draw up on the screw 
until it is prefectly rigid. 

For restocking an automatic rifle or shotgun, the 
same methods may be applied, generally speaking. 
The position of the recoil spring where it enters 
the forward end of the stock may be laid out on 
the side of the blank, carrying the angle down to 
the butt end of the stock. The centers in butt 
and front end are in this case not placed the same 
as described above, the latter being higher, with 
the one in the butt nearer the toe. In the end of 
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the oversized hole which starts here from the front 
is a slight angle which corresponds to the end of 
the recoil spring; it is not of such a degree, how¬ 
ever, that it prevents carrying the hole to the 
butt in a straight line. Proceed with boring oper¬ 
ation in a like manner as described for mechanisms 
requiring bolt to hold actions and stock together. 
This method eliminates all uncertainty, whereas 
laying out the course of the hole with a brace and 
hit is unsatisfactory because accuracy is out of 
the question. Some makes of rifles and shotguns 
have part of their mechanism in the stock not 
always evenly distributed; therefore, for the sake 
of convenience guide your work from an opposite 
center. Figure 79 illustrates the inletting of a 
Remington automatic action. Note the gun brace 
used. 



Fig. 79 

Bench work. Fitting stock to an action. Not© stylo of gun 

brace used 


The Model 52 Winchester, at this writing, is 
popular; and since it is of the .22 caliber target 
variety, calls for restocking are common. The 
action is not difficult to inlet, as the receiver is 
cylindrical and the barrel and action are fitted 
together. Cut out the mortise for the magazine 
and trigger mechanism, and then fit in the bush¬ 
ing for the magazine release. Spot for the front 
guard screw, and then inlet the trigger guard, which 
is only a metal stamping; on this account you 
cannot expect as good a fit as in the case of a solid 
guard and magazine. 
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It has often been suggested that stock bolts 
be fitted through a specially built stock, and that 
this method be used on the service Springfield. 
True, such bolts are needed when soft American 
walnut is used. The Springfield is such an in¬ 
stance, but if the stock is of a better grade, such 
as French, Italian, or Circassian walnut, and if 
the recoil shoulder has been fitted with metal 
closely against the wood, there is no likelihood 
of its being split by recoil, providing proper fit 
has been maintained. While the following has been 
mentioned before, it is important enough to re¬ 
peat. 

When a receiver is being inletted on a bolt- 
uction rifle, always relieve the radius at the end 
of the tang. The opening should show at least 
.020 between the wood and metal at the top. On 
the bottom relieve at least / $ inch. When using 
the round gouge for this operation, begin a very 
fine cut at the top, and as it continues down, in¬ 
crease the angle of gouge and remove more of the 
wood as you go down with the radius. When a mis¬ 
take is made, such as cutting out too much wood 
from the recoil shoulder, coat the action with oil 
in that locality and cut out the wood about % 
inch and run in heavy, hot glue; then screw the 
guard and action together and allow to stand for 
24 hours. You have thus formed a solid recoil 
shoulder which is as perfect as the wood itself 
and much stronger. When the above suggestions 
are followed, even in American walnut, the danger 
of the stock splitting has been anticipated. 

When a stock splits it usually does so between 
the. recoil shoulder and magazine opening or be¬ 
tween the back of the magazine opening and trigger 
cut-out, and is due, most often, to the wedge effect 
of an improperly fitting receiver or guard driven 
into the space mortised for it. Never attempt to 
drive an action or guard down to secure bearing 
marks, for all the force that is required to obtain 
the lampblack tracing is a gentle tap with a light 
mallet. If confronted with the misfortune of a split 
stock, the very best plan is to insert a stock bolt 
half-way between the recoil shoulder and maga¬ 
zine; also one between the back end of the maga¬ 
zine and trigger cut-out. When stock bolts are 
used, counterbore deeply enough to make possible 
the covering of these openings with wood to match. 
Turn up the latter so the grain will run across 
the diameter, then cut to a length which can be 
trimmed off flush when completed. Use hot glue 
generously and w T ork it well in against the screw 
head. The direction of the grain, both in the inset 
and in the stock, should be continuous, giving 
thereby as little evidence of its presence as possible. 


If there is a choice in the matter, the operation 
should be done when the sides of the stock are 
roughed down to size. Let stand for 24 hours and 
finish flush with the sides of the stock. A well fin¬ 
ished operation can be made to look very well 
indeed if the screw' heads arc covered with inlays. 

It has been suggested to wet the surface of the 
wood for the purpose of softening it, and then, 
with a thin flat chisel, cut a shaving about ^ic 
ineb thick, % inch long, allowing the end to adhere 
to the wood. Then wet still more or steam the 
shaving, so that it may be turned back; drill and 
insert a wood screw to hold the break together; 
bring the shaving over the screw head, glue and 
clamp it back in place. This remed}' may be 
adapted to certain classes of cabinet or carpenter 
work, but in gun-stock repair it should not be 
used even in exceptional cases. 

It may be desired, as an added feature of con¬ 
trast or beauty, to have a buffalo horn, bakelite, 
ivory, maple or ebony fore-end tip. The material 
used is a matter of personal preference or expense/ 
Buffalo horn is probably the most practical, how¬ 
ever; many like contrasting wood, hut in my opin¬ 
ion this is not an attractive addition to a rifle. 
If buffalo horn is chosen, cut it off to two inches 
in length and select a piece large enough so that 
its width will allow finishing squarely on both 
sides. Drill a % e-inch hole, V/i inches deep, in 
the center where the finished section will be below 
the barrels. Turn up a hickory or maple dowel 
2% inches long, so it will enter the drilled hole 
snugly. Chuck a %-inch piece of cold drawn steel 
and turn this down just so you can force the buf¬ 
falo horn on. Allow' the piece of steel to stand 
out from the lathe-chuck at least 2 inches when 
the buffalo horn is forced into position. With a 
side tool trim this off to a true face, which is 
then at right angles with the hole. Now cut off 
the fore-end squarely to the desired length, first 
squaring up the sides and top; then bore a % 6-inch 
hole below the site of the channel about 2% inches 
deep. By means of the dowel adjust the horn tip 
to fore-end, using blue chalk to spot for perfect 
approximation. 

Cut two pieces of x /\ 6 -inch drill rod one inch in 
length and point one end. Then drill two % 6 -inch 
holes in buffalo horn in its upper portion equi¬ 
distant from the dowel hole and well back; % inch 
deep insert the two pins, which should enter the 
fore-end when in place. Spot with these two pin 
points and drill holes for them in the forearm. 
With the roughing or scoring tool shown in 
Figure 29 rough the face of both the wood and 
horn. Before gluing the latter into position, take 
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a three-square file and form a spiral from one end 
of the dowel to the other. It is now ready to glue 
in position, after wetting the surface of the wood 
with water glue made in the manner to be de¬ 
scribed. 

Fill a small can cover half full of boiling water. 
With the glue brush, drop some of the hot glue into 
the water, making a thin mixture. Coat the sur¬ 
face of fore-end wood well with this solution, and 
let it thoroughly soak into the end grain for about 
ten minutes. At the end of this interval, apply 
the hot glue to buffalo horn, filling the hole, and 
drive in the dowel. Now run hot glue into the 
hole in the fore-end and also on the face of the 
buffalo horn. Drive into position and clamp, 
forcing the glue out from face of the horn 
and wood. Let stand fur 24 hours, after which 
time it is solid enough to fit in the barrel. Figure 
80 illustrates tips and suggestions for the student 
to follow out. 

It is almost impossible to use wood chisels on the 
horn; therefore file out the channel with a 12-inch 
round file. Coat the barrel with lampblack and 
continue to remove the high spots until there is 
perfect contact. The fit should be tight enough 
to require a slight effort to force it and the fore¬ 
end apart. 

If you should not have a lathe to face the buffalo 
horn, you must do this with a fine, broad, flat mill 
file, testing against an even surface; then drill 
the horn and bore the hole in the fore-end for 
the dowel. Fit horn and fore-end until no light 
can be seen between them. Never use lampblack 
or oil when fitting horn to wood, as this renders 
the glue inert. 

Invariably imperfections make their appearance 
and must be corrected before they are too deeply 
involved. Inspect carefully the entire surface 
of the blank for any defects, such as “shakes.” 
“dry rot,” “knots,” etc., which might extend deeper 
with still larger openings underneath. In certain 
instances these do not appear externally and show 
only when the stock is practically completed. 

A “shake” is a small or large separation of the 
wood fibers caused by violent swaying of the tree 
and by bruising injuries sustained in the process of 
falling. It appears as a crack or split, almost 
anywhere on the surface of the stock, and may not 
be deeper than y iG inch or may run completely 
through the blank, rendering it useless. The con¬ 
ventional method is to fill such “shakes” with 
shellac or other material; but this is not to be 
recommended, for eventually the original crack 


will still remain, showing through the finish. 

Dry rot occurs in woods which have been ex¬ 
posed to dampness or have remained in storage for 
a long time. It is rarely encountered in imported 
blanks, but is not at all uncommon in American 
walnut. Affected in this manner, any stock, be it 
domestic or foreign, is of no value unless the part 
involved is of such small size that it can be 
worked out. 




SANOilAiTIO ANO LACgvCRfO, 



JBaktlile. cforeruL ZTcp 

OAR* MOSS GKCCH 



Ial.il. <i7orejuL 3ip 

TtMA COTTA ACO . . IVORY INLAY. . 



Car/ecL £vonj and M?rrt UorctuL 


Fig. 80 

Suggestions for the application of forearm tips to sporting 

amis 









































CHAPTER X 


Modeling and 
Shaping the Stock 








CHAPTER X 


Modeling and Shaping the Stock 


D URING the work described here, the chapter 
on design of stocks should be consulted fre¬ 
quently, for the two are closely interwoven. I shall 
presume that you have formed a mental picture of 
the ideal design for your stock. If this is done, 
half the battle is won, for you need only do as your 
ideas dictate, and you will find that these will in 
time unconsciously flow from mind to hands. 

It is only possible for me to give stock measure¬ 
ments at certain points essential in the shaping of 
certain sections; for the rest, the human frame of 
the individual is the greatest figuration. Of the 
many stocks I have made for various men, no two 
have been alike. In general, the majority of men 
can be fitted with ready-made stocks just as well 
as with ready-to-wear clothes. We must remember, 
however, that most of these men wear these clothes 
only because they are less expensive and not be¬ 
cause they give to the wearer that well-groomed 
appearance which creates self-assurance and poise. 
In the modeling of a stock, 20 per cent is actual 
measurement and the other 80 per cent is done 
with the eye. 

When all metal parts are fitted into the blank, 
you will begin the actual measurements on the 
stock to fit the butt plate and pistol-grip cap. 
Chapter XIX, Volume II, contains correct measure¬ 
ments for a cap for a Springfield remodeled stock. 

Figure 72 will give the reader a better idea of 
just what the stock should be, and the proper lines 
to form in the first stages of laying out the blank. 
First, we shall reduce the comb at G so the bolt 
will just clear. This is an established point, re¬ 
gardless of the drop from line of sights on Spring- 
fields, Krags, Mausers, Winchester M-54, etc. 
Adopt a measurement for the front sight, from cen¬ 
ter of bore. There are four different measure¬ 
ments: 1.1, 1.05, 0.925, 0.800. The 1.05 height is 
for the Lyman 48 and Pacific or Western aperture 
rear sights. The 0.925 height is for the Lyman 
No. 103 on the cocking piece, 0.15 lower than 
standard, or for leaf sights; and the 0.800 height 
is for the lowest possible leaf sights with a low 
setting of the front sight. The 1.1 height is for 
special target sights used in long-range work. 

Figure 98, Volume II, gives the receiver and 
barrel gauge in corresponding figures, allowing 


0.040 higher, made for the setting of the rear sight 
at 100 yards. This gauge is inserted in the bolt 
opening at the rear of receiver, and when in place 
it is brought up close to the bridge next to the 
point of the aperture sight, if one were in place. 
With these two gauges in position, Figure 72 can 
again be consulted. Place a straight-edge on top 
of them, long enough to reach from the front gauge 
over and beyond the butt. Be particular to see 
that the straight-edge lies along the top of the 
gauges touching at the muzzle and the top of the 
rear gauge. The next measurement is at I on 
the heel, which is termed the “drop” at heel or 
bend. This measures 2% to 3% inches, according 
to the requirements and build of the shooter. A 
is the length from the center of trigger to outer 
edge of butt plate. Here we refer to stock design, 
taking into consideration the anatomy of the per¬ 
son. This measurement may be from 13 to 1SV& 
inches. A short person may require the shortest 
measurement, while a very tall person might require 
the longest one. M is the distance from the end 
of receiver tang to the center of radius on the 
comb, while F is the distance from the center 
of the trigger to the edge of the comb. I never 
use the latter figure of measurement, for it varies 
on different rifles. M should measure between 
2*4 and 2V 2 inches, which brings the comb into 
the correct perspective to the other outlines and 
is at the same time in the required location. B , 
C, D, and E are the lay-out lines for the pistol grip. 
B is the height from edge of pistol grip to the comb, 
and E the distance from center of trigger to edge of 
pistol grip on E, B, and C. I am giving a maximum 
and minimum figure, and when laying out these 
dimensions on your blank, either use maximum or 
minimum figures. The first line which is laid out 
is B, and this measures between 3% and 4 inches. 
Carry this line forward and measure E , which is 
between 3 and 3% Inches. 

These two lines will intersect at the edge of the 
pistol grip. Then bring measurement C down, 
which is between 2% and 3 inches. D is a 
standard length of 1% inches for the pistol-grip 
cap. Carry this measurement back and have it 
intersect with C. When these lines are laid out 
you will get the distance P, which is the length 
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to the center of butt plate. Draw a line from P 
at the toe, intersecting lines D and C. Saw 
out this section from the edge of pistol grip to C 
and from P to the intersecting lines D and 
C, and fit the pistol-grip cap. The butt plate is 
also ready to fit. J and K are the distances 
from the center of trigger to the heel and toe—the 
line which governs the pitch. These two points 
cannot be measured with any degree of exactness, 
and the only reliable method is the one expressed in 
Chapter VIII. At this point remember to take 
into consideration the butt plate used, together with 
the build of the person, as described in the chapter 
on stock design. II is the measurement at the 
% distance and is a matter of choice with the use 
of the gun; but if a cheek piece is to be considered, 
or even if it is to be omitted, it would be well to 
incorporate this feature when building a new stock, 
for it is very easy to remove it at the final finishing 
if it should not be wanted. 

The cheek of the user of the rifle comes between 
G and II, whether a cheek piece or plain stock 
is intended; he always touches the stock at this 
point when bending his head forward to take the 
line of sight. This part of the stock should com¬ 
mand particular attention. 0 is the circumfer¬ 
ence of the hand-hold or grip. This is measured 
with a tape and varies between 4% and 5 Vi inches. 
A person must have his hand fitted to the grip 
where he feels the greatest degree of comfort. As 
stated before, particular attention must be given 
to that point regardless of any measurements, so 
that a gun will feel in perfect balance, or so that 
when it is brought to the shoulder the hand will 
have a perfect grip. L is the length from trigger to 
front sling-swivel through the forearm. Naturally 
this distance varies owing to the length of barrels 
which were described in stock design. 

The next step is to fit the butt plate, after you 
have obtained the required pitch. Determine the 
proper cast-off, but first establish a true center 
line from the center of barrel to the butt stock, 
terminating at the heel and toe. There are two 
very reliable methods used to establish these lines. 
One is to take a Vi-inch piece of drill rod 3 feet 
long which runs perfectly true. Turn up two brass 
bushings Vi inch long and of the bore diameter. 
Sweat one of the bushings on one end of the rod 
and the other .2 inch from this and insert it into 
the bore of the barrel from the chamber end, al¬ 
lowing the rod to extend over the heel. Place a 
parallel over the butt stock at the heel, and with 
a square, just come up to the rod, first on one side 
and then on the other. Mark the point of con¬ 
tact on the wood so that there will be Vi inch 
space between the marks. These two lines 


are then divided and the true center is found. 

The other method is to attach the sights. If a 
Lyman No. 48 is used, it must now be fitted into 
the wood. After the sight is attached to the re¬ 
ceiver, place the barrel and action into the blank 
and mark the position where the wood must be cut 
out so the sight will be imbedded with a perfect fit 
on both sides and at the bottom. A fine-tooth 
hack-saw blade is the best to use to cut the section 
out, providing you do not have a fine-tooth tennon- 
saw. Keep away Via inch from the mark made 
and saw down into the wood about Vie inch at the 
front and rear, and carefully remove the wood with 
a thin flat chisel. Place the barrel and receiver 
into position and trim down the sides until the 
sight base will enter the cut-out. Coat the sides 
and bottom of sight base with lampblack, and press 
into position. Remove wood very carefully until 
you come to the bearing of the receiver into the 
stock; then remove % 4 inch more wood at the 
bottom so that the base will be free and clear of 
wood. At the rear, also remove %2 inch for a 
clearance so that if the action should ever set back 
from recoil, there will never be any danger of split¬ 
ting the wood or loosening the sight. 

Sight in the rifle for the desired range, usually 
100 yards, using an old stock for this purpose. 
After the rifle is sighted in, you are ready to lay 
out the true center lines together with the correct 
height of drop at heel and the % distance if the 
offset is to be used. If you have a surface plate 
large enough to make the set-up for laying out, 
well and good. If not, a glass surface plate as 
suggested, or a true-planed board without any warp 
will answer the purpose. T.ay the rifle on the left 
side, and with parallels build up to a height that 
will be convenient to work from, using a surface 
gauge. First, establish a center on the end of the 
trigger guard, and with the surface gauge set this 
to the cenrer of the small aperture, then check to 
see if the center established on the trigger guard 
corresponds. If not, build up on that side until the 
center in the aperture corresponds with the center 
made on the guard. Line up the front sight to the 
center of the aperture, for the center of the front 
sight must correspond with the center made on 
I he guard. With the rifle in position and the sur¬ 
face gauge set, scribe a line from the center of 
comb to the heel and from the heel to the toe. 
These lines will be the true center lines. 

When this is completed, check for the correct 
drop from line of sight. Turn the rifle in a vertical 
position on parallels, and with the surface gauge 
again secure the center of the aperture and build 
up the muzzle until the center is in line with the 
top of the front sight. Having set the surface 
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gauge, bring it back to the heel and measure the 
distance, also at the % distance, and as a future 
check, measure the distance at the comb. 

After these lines are finished, determine the cast¬ 
off you will require and set it either to the right or 
left. Since you have studied the question of cast¬ 
off in design of stock, T shall presume that you 
have settled on what is needed. 

Fitting the Butt Plate — There are four dif¬ 
ferent types of butt plates; namely the rubber 
recoil pad, the buffalo-horn plate, the trap butt 
plate, and the steel-shotgun type of butt plate. 
The question of butt plates, or heel plates, in 
general is a matter of personal preference, and as 
they vary so, naturally the discussion is an oj>en 
one, especially on shotguns. The fitting of butt 
or heel plates requires an explanation of the four 
different kinds which I have named. 

Rubber Recoil Pads — There are two kinds of 
rubber recoil pads, which require two distinct ways 
of fitting. One is held to the stock by two screws. 
The other has a separate piece of rubber nailed to 
the butt end and is then cemented with rubber 
cement. The former is the most commonly used; 
the latter very seldom, except for a woman or a 
man who is extremely sensitive to recoil. 

There arc three different sizes of recoil pads; 
small, medium, and large. The selection of a recoil 
pad determines to a degree the weight the rifle 
will be when finished. The most satisfactory man¬ 
ner to place a recoil pad on a new stock, regardless 
of whether it is a rifle or shotgun, is to make a 
templet from |4«-inch sheet brass, as Figure 68 
illustrates. The size should be 1 1 '/in x 514 inches. 
The 1 1 / (j dimension allows l /\ r inch to finish on the 
sides or Vas inch on each side of the stock. Since 
there is V s inch at toe and heel of pad there is M # 
inch for finishing at toe and heel to secure the proper 
length of plate or stock. The templet should be se¬ 
cured to the butt end of the stork hy two brads or 
tacks and the wood roughed out to the templet. 
Having done so, fasten the recoil pad in place and 
finish the additional width and length during the 
final forming and sanding operations, so that it will 
come flush and even with the butt stock. 

The fitting of a standard recoil pad, which is 
held by two screws, is quite an easy operation. 
First, the butt end of the stock is sawed off and 
finished to a perfect surface, still holding the lines 
established for cast-off, and allowance having been 
made for the thickness of recoil pad when the 
measurement A was secured. 

The hard rubber face must be trued to a perfect 
surface; this is done on the face of the sander. If 


the face is warped very badly, hold the pad on the 
ends, bringing pressure of the ends against the 
wheel. The heat generated from the friction of the 
sander against the hard rubber heats the rubber 
so that the warp comes back into position. The 
pressure applied will change the direction of the 
warp enough so that you will have a perfect true 
face. Use No. 0 sandpaper or finer on the face of 
the disc. With a piece of No. 2/0 sandpaper placed 
on a true surface such as a surface plate, complete 
the finishing of the face by hand-rubbing it back 
and forth over the sandpaper. 

When the surfacing of stock and face of the re¬ 
coil pad has been finished, place the pad in position 
on the end of the stock, and with a scriber mark 
off the position of the two holes on the center line 
thus established. Drill holes small enough so that 
the strew secures a perfect hold in the wood, and 
insert screws, using soap on the threads so that 
they will penetrate the wood easily. 

The pad is now ready to sand down to shape. 
At this stage of the operation, it will be necessary 
to have a fast-running motor grinder, and two discs 
of hardwood (maple preferred) measuring 9 inches 
in diameter and 1 inch wide. The hole should be 
made to the exact size of the motor spindle. The 
Carborundum Company of America makes various 
grades of cutting abrasives formed on heavy paper 
discs which can be shellacked or glued to the face 
of the wooden disc thus made. If these cannot be 
procured locally you can take sheets of sandpaper 
and shellac these to the face of the disc, which will 
answer the purpose just as well. The grade of 
paper to use for sanding a rubber recoil pad is No. 
1 garnet paper. 

Sand the pad down to the edge of the wood in 
the manner described. Hold the stock in position, 
and work very carefully, keeping the surface 
parallel with the face of the disc; move the pad up 
and down so as not to cut too fast in any one 
place, for this will generate too much heat. Be 
very careful when working down the toe. Keep 
the direct angle of the bottom of the stock. Care 
must also be taken at the heel so that you do not 
undercut the wood too much at that point. Tt re¬ 
quires very steady holding of the stock to avoid 
cutting digs out of the wood, and also to prevent 
beveling the edges of the pad. The lines when 
finished should be continuations of the stock lines 
at all points. 

To secure a fine finish at the last stages of the 
operation, apply a very light film of shellac to face 
of butt stock and pad. 

The most satisfactory pads for rifles are the 
Silvers type, or such pads as the Jostam air 
cushion, Goodyear, or the Noshoc, which has a 
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brown finish. These pads are solid, without any 
holes on the sides to collect dirt. 

A recoil pad should never be used on a low-power 
rifle except in rare cases where recoil affects the 
shooter because of some physical handicap, or for 
those who are prone to flinch—or to lengthen a 
stock. My advice to the student who is just start¬ 
ing out is to become hardened to recoil. A well 
formed shotgun-type butt plate made of steel is the 
best when it is well checkered. These should not 
be too deep, as on the Springfield service butt plate, 
but finely checkered, holding well to the clothing 
when placed against the shoulder. 

Recoil pads are essential on shotguns which are 
made for trap shooting. They are also a necessity 
on heavy Magnum rifles, such as the .375. .404, 
.416, and .505, and on the heavy double rifles which 
are used mostly in Africa, India, and the Malays. 
Such rifles are fitted with the Silvers recoil pad, 
which is of British make. The Jostam air cushion 
is made on the same order as the Silvers pads, and 
is about equal in quality. All recoil pads deteri¬ 
orate in time and become lifeless, especially the 
sponge-rubber pads. If it should be necessary to 
fit a sponge-rubber pad to a rifle or shotgun, even 
greater care must be exercised. First, peel the 
layer of soft rubber from the pad and tack it to 
the end of the butt stock. Be very careful not to 
come too close to the edge of the wood with the 
tacks. When you have a row of tacks all around 
the form of the butt stock, fill them in about % 
inch apart; then cement the pad to the base which 
has just been tacked on. Any good rubber cement 
will answer. The pad is now sanded down by 
methods similar to those described for the solid 
rubber pad, but owing to the softness of the pad, 
you must always have a new piece of sandpaper 
glued or shellacked to the wooden disc; use only 
light pressure on the pad when forming it to shape. 

Buffalo-Horn Butt Plates — The buffalo-horn 
butt plates come in three different thicknesses; 
Standard is the proper size; it has the contour 
which fits the shoulder perfectly, and the face is 
indented with lines running crosswise. These plates 
are formed under hydraulic pressure, and when 
fitted properly the gun will have the finished look 
of shotguns of the better grade. I would suggest 
removing the cross lines and using, in place of 
them, a neat design of checkering on the face. 

The standard buffalo-horn heel plate is about *4 
inch thick, the medium plate about % inch, and 
the heavy plate about •% inch thick. The last two 
named are only used to extend the length of a 
stock The standard is the one generally used and 
preferred. These plates are usually more or less 


warped, and the stock must be formed up to the 
shape of the back of the plate. First, drill the two 
screw holes and countersink them for the intended 
screws. Figure 81 illustrates a brace countersink 
to use. A No. 8, 1%-inch standard wood screw 



Fig. 81 

Brace countersink. This tool is often required 
in inletting operations. Also to break the 
Interior edges of rifling when a barrel is 

cut off 

may be used. Tighten two larger screws on the 
countersunk side so that it will be possible to hold 
the plate while sanding, finish the back on the disc 
to hold the plate while sanding, and finish the back 
on the disc sandcr. Hold the plate very gently 
against the revolving disc, starting from the top of 
the plate and working down. Continue to do this 
until you have a bearing on the outer edge; then 
fit it to the butt of the stock. To get a perfect fit 
in the proper location, place blue chalk on the face 
of the plate. Work the wood off the high spots 
shown by the chalk with a flat wood chisel and a 
12-inch half-round bastard file. Continue until 
you have a perfect contact between plate and wood. 
Then reestablish the center lines, if cast-off has 
been the requirement, and with a scriber mark the 
holes. Drill and screw the plate into position. The 
buffalo-horn plates are made oversize in width and 
length, and may be reduced at the heel if required; 
also the length is a mailer of choice. After the 
stock is finished and ready to sand, bore out the 
butt for lightness and balance of stock, and then 
glue the plate into position. Let stand for 24 hours 
and complete the sanding of the stock. 

Naturally a plate of this kind will not stand the 
hard use given to a rifle in the mountains, but for 
a man who is particular and uses a gun with great 
care, this horn butt plate makes a nice appearance. 
It is also very durable and stands shocks well. 

Trap Butt Plat© — There are four different 
styles of trap plates, of which the German plate is 
the best. This has an elongated hinged cover in 
the center of the plate. The Mannlicher-Schcenauer 
is also made on the same principle, but with more 
of a curve. The heel of the plate has a bad pro¬ 
jection, its only objectionable feature. The English 
trap plate has the small round trap which only 
allow-s the carrying of jointed cleaning rods. Then 
wc have the Springfield service butt plate with a 
round trap. This plate is often used in the re¬ 
modeling of rifles into sporting arms, by cutting off 
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the tang at the heel, reversing the curve at the tee, 
and forming the plate into better outlines. It is 
then necessary to drill a new screw hole at the top 
above the trap to fasten in to the stock. 

Naturally, when making up a new stock, you 
will want the finest trap butt plate, so you will 
choose the best, one of the German plates with the 
face well checkered, as illustrated in Figure 82, 
Number 2. The first thing is to remove the trap 
and spring by removing the spring screw. Place 
the tang center of the plate into position on the 
center Line at the heel or the cast-off. Center 
should come in the center of screw holes in the 
plate. Mark the outlines of the tang and cut out 
for this in the wood, as part of the tang should 
come just below the surface of the wood at the 
heel. With a pencil, mark the outlines of the plate, 
and with a sharp chisel remove the wood at the 
outer edge, leaving the center high. Coat the 
under surface of the plate with lampblack and 
gradually remove the high spots until you have a 
perfect bearing all around and the edges of the 
plate set well into the wood. Sometimes you will 
find it convenient to use a wood rasp to remove 
some of the wood in the center of the butt. Use a 
wide, flat chisel which has a very slight curve; you 
will find this the most useful to obtain the perfect 
contact of the plate to the wood. Continue to let 
in the tang as you fit the plate in place, only re¬ 
moving the wood on the side bearings holding the 
bottom. The wood also must fit well up in the 
curve at the heel. 

Having the plate fitted to the wood in a perfect 
contact and in position, mark the screw holes, drill 
for these, and screw the plate on with the slots of 
the screws in a north and south direction. Remove 
the plate, assemble the trap and spring, and cut out 
for the spring and screw. Remove the wood only 
where necessary so that the trap will open without 
binding. Lampblack placed on the spring and 
screw will show any binding points. With this 
completed, screw back on the stock and with a 
scriber mark the trap opening on the wood. When 
this is bored out, the stock is ready to be sanded 
down. The Mannlicher-Schcenauer butt plate is 
fitted in the same manner as the one just described, 
except that you will find with the Mannlicher plate 
the screw at the heel is set in at a greater angle 
than on the German type of plate. Tn the Mann- 
licher plate, the heel screw will draw the tang down 
very tightly into the wood. If the regular screws 
should be missing you can use the ordinary wood 
screws with the countersunk heads. When fitting 
such screws as these, have the heads a little larger 
than the size of the countersink, so it will be pos¬ 
sible to round the edge slightly, and also have the 


slots of the screws in line with each other; which 
is called in gun work “north and south.'’ This 
shows better in the finished appearance of a good 
gun, and at the same time expresses good taste 
and careful workmanship. If it is desired that the 
screw heads be finished, information on the opera¬ 
tion may be found in Chapter XXII. 

After fitting the plate, check for the pitch. One 
of the most accurate methods for this is to take 
a piece of %% x 1 inch cold drawn steel which is 
perfectly straight and screw it to the long blade of 
a carpenter's try-square, having it extend out per¬ 
fectly straight from the blade. To test for the 
pitch, hold the square in the center of the butt 
plate and also in the center of the rear aperture. 
The pitch will be the distance from the end of the 
long blade to the tip of the front sight. The sim¬ 
plest method is to place the butt of the gun on the 
floor with the rear sight touching any square up¬ 
right, like a door frame; the distance from the 
front sight to the square upright will also indicate 
the pitch of the butt. 

If the pitch is to be straight, it will be necessary 
to remove the butt plate and cut down the toe of 
the stock so that the plate will be set in at this 
point a little deeper until the required pitch is ob¬ 
tained. If less pitch is desired, set the plate in at 
the heel. During all the stages of fitting the butt 
plate, the distance from center of trigger to outer 
edge of plate should be carefully checked to see 
that the desired stock length is maintained. 

Plain Steel Shotgun Type of Butt Plate — 

The trap butt plate and this type are very similar, 
except that this does not have a trap. It is also 
fitted to the stock in the same manner as the trap 
plate. These plates come checkered and plain; the 
plain plates are matted, as described in Chapter 
XXII. These plates may be engraved very artis¬ 
tically and are a credit to any well-made stock. 

All butt plates when fitted must be filed flush 
with the stock on the final finishing operation. 
Allow tine edge of the plate to show with the small 
angle which is turned in toward the stock. This is 
a point which many overlook, no doubt because of 
the smallness of the detail. File all plates, with 
the exception uf the two last named, so that steel 
and wood are one continuous line. This is done on 
the final filing operation before sandpaper is used; 
the later use of the different grades helps to polish 
the edge, giving a finish to the metal. 

I have named four different kinds of butt plates 
which, in my opinion, should become standard on 
all rifles. At times the beginner will not be able 
to secure the plates I have named, so he must make 
his own plates. This information is given in Chap- 
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NO ] BUTT PLATE NO 2 TRAP BUTT PLATE 

PLAIN ENGRAVED STEEL ORNAMENTAL ENGRA.VED STEEL 



NO 3 SKELETON BUTT PLATE NO4 SPRINGFIELD BUTT PLATE 

ORNAMENTAL ENGRAVED STEEL RUST PROOF STEEL 



NO 5 RIBBED BUTT PLATE NO 6 NOSHOC RECOIL PAD 

POLISHED BUFFALO HORN FIBER AND RUBBER MOULDED FINISH 


Fig. 82 

Types ol butt plates used on rifles and shotguns 
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ter XIX, Volume II. Or he may wish to use some 
material such as fiber, copper, silver, aluminum, or 
brass. Of course, these are only a matter of per¬ 
sonal preference with the beginner, but sooner or 
later he will realize the advantages of these stand¬ 
ard butt plates. 

Boring Out the Butt Stock — The boring out 
of a butt stock should be done after the stock is 
all shaped up, ready to sand. Sometimes it is de¬ 
sired to bore out the butt for cleaning rods, spare 
parts, cleaning patches, etc., when a trap butt plate 
is used. If only for bringing the stock into better 
balance, the recess must be sealed by gluing a block 
into the cut-out made, to prevent moisture from 
penetrating into the holes under the butt plate and 
causing the stock to swell. The trap plate, when 
filled, was scribed to the outlines of trap. Lay 
this out for three %-inch holes which will just 
touch each oilier in the scribed outlines of the trap. 
Bore these three holes in the stock 3 inches in 
depth. Hold ihe stock very firmly between padded 
jaws in the vise, and bore the holes on a straight 
line, with the exception of the lower hole which 
must be on a slight angle or near the angle of the 
bottom of the stock. Remove Ihe side walls with 
a thin wide chisel to the 3-inch depth, and with an 
1 % 0 -inch or %-inch bit, bore to any desired depth 
on the top hole. The center hole may lx* lx»red 
with a %, r inch or %-inch bit on an angle to meet 
the top hole. The bottom hole may then be bored 
to the full depth of the bit, or to meet the center 
hole. This hole is bored on a sharper angle in 
order to stay away from the bottom angle of the 
stock. Great care must be used when boring these 
holes in the butt stock so that they will not come 
out on the side; do not use too large a bit. Measure 
the thickness of stock before starting, to see how 
much wood there is, so you can gauge the size bit 
to use, and above all, keep the bit in the center, 
using your eye to keep it in line and also at the 
right angle. 

If you do very many of such operations, you 
are bound to have the disagreeable experience of 
having a bit come out on the side. I have had it 
happen a few' times; once on a very expensive Cir¬ 
cassian walnut blank, and another time on a 
cheaper one. You may well imagine how discour¬ 
aging it is to have this happen after you have 
taken such pains to bring the stock to its nearly 
finished condition. 

If this misfortune should occur, turn a walnut 
plug the diameter of the hit, or about .010 inch un¬ 
dersize, and 2 inches long. Glue it in place, setting 
it firmly in the bottom of the hole, and let it stand 
for 24 hours. At the point where the bit came 


out, drill and counterbore and set an inlay in place, 
either of ebony, buffalo horn or fiber, laying the 
inlay large enough to cover the broken fiber of Ihe 
wood. Sometimes a round inlay cannot be used, if 
a very large section has been broken out. It will 
then be necessary to make an inlay of an odd form, 
such as a diamond, oval, square shield, or to follow 
the natural grain of the wood as described in 
Chapter XIII. Glue these in place and finish to 
the surface of the wood. These you may call marks 
of distinction, which are really marks of care¬ 
lessness. 

Roughing Out — Complete all the work of fit¬ 
ting the butt plate, pistol-grip cap, horn fore-end 
tip, height of comb and heel at the required drop 
and the % distance which is left higher for the 
final fitting for drop, together with the outlines for 
the cheek piece. You are now ready to rough out 
the stock and form it into shape. A considerable 
part of the roughing-out process may be done with 
a wheelwright's draw-knife. The usual care must 
be given to all cuts. 

Having assembled the rifle, hold it in the vise in 
the most convenient position between the felt jaws, 
with the butt end resting on the gun brace. Figure 
29 will give the correct dimensions for the con¬ 
struction of one of these, which should be covered 
with soft leather. It is made from a 2*4-inch plank 
of hard wood, the upper edge at a height which will 
be about 1*4 to 1^2 inch less than the height of the 
vise jaws. It is pivoted with a single % or V^-inch 
screw, passing through the bottom side or exten¬ 
sion. A hole is bored in the bench, so the brace 
will extend well over it. A bolt with a wing nut 
is used, and tightened so that the brace will turn 
freely. It can be swung around to the back of the 
bench when not in use, and when needed it may 
be turned in front and is ready to support a stock 
or barrel when clamped in the vise. The brace is 
generally put on the right-hand side of the vise, 
but you can bore a hole on the left-hand side also 
when the extension calls for its use on that side, 
and it will be wise to make two, as this saves a lot 
of time changing from right to left. 

When cutting out stock from the plank, many 
times pieces of just the right size for these braces 
will be formed among the cuttings. The shape is 
of very little importance, as long as they are of 
the proper height and have the extension long 
enough to bolt the end to the bench. 

It is better to start on the right side of the butt 
stork to begin the roughing operation, for here you 
have a straight form to work to. Rough this out, 
using the draw-knife, plane and spoke-shave. The 
largest amount of wood will be removed with the 
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draw-knife. Be careful to cut against the grain of 
the wood, and use only short strokes in an upward 
direction, removing short chips from the wood. 
When cut down to within a reasonable distance of 
the outlines of the butt plate, bring the plane into 
use and remove the high spots left by the draw- 
knife. Finish with the spoke-shave to bring the 
lines out straight. 

Remove the rifle from the vise and clamp it at 
the butt stock with the magazine up and the barrel 
resting on the gun brace. With a short butt chisel, 
remove the heavy wood from the contour of the 
pistol grip, reversing the chisel so it will not dig 
in too deep. Be very careful when removing this 
wood so that you do not open up the grain. From 
this point to the pistol-grip cap, use a rasp on both 
sides. The surplus may be removed with a thin 
flat chisel, using hand pressure to remove the 
wood; also use the spoke-shave to bring it near to 
form. 

Reclamp the stock sideways at the receiver and 
guard with the end of the fore-end resting on the 
wood near the tip. Start shaping the fore-end back 
to the grip, using the draw-knife, plane and spoke- 
shave. When a large piece of buffalo horn is used 
for the forearm tip, use a hack-saw to remove the 
surplus amount from the sides, keeping away from 
the barrel at least % inch or a distance which will 
finish up to the correct form. Also saw off the 
bottom on an angle from the front to the back, and 
leave a measurement of at least 1V4 inches at the 
point of contact. Then saw off the corners of the 
square that is made so that the horn can be filed 
up with the least amount of effort. Figure 71 
shows the tip thus formed. 

Continue to remove the wood on both sides, and 
the bottom of forearm, down to the horn tip, and 
with a 10-inch bastard file form the tip to the re¬ 
quired shape. Be careful not to touch the barrel 
with the file, or the horn with any of the edge tools 
used to form the sides back to the pistol grip and 
from the bottom to the guard. Here is where your 
eye is the best judge in the final shaping to form. 
The sides of the action must be rounded in effect, 
from the action to the guard, with all lines blending 
into each other. The lines begin to take form from 
the back end of the magazine to the contour of the 
pistol grip, and also at the top, at the beginning 
of the tang of the receiver to the comb. All lines 
continue to blend harmoniously, your eye being the 
only judge. The technical worker, when he begins 
to form one of these stocks at this point, will ask 
why a series of templets could not be designed to 
give all such measurements. True, they could, 
but only through great expense; thus we must 
pass out of the mechanical stages of such opera¬ 


tions and train the eye to do me work of templets. 

You have probably begun to notice how the stock 
is shaping to the desired form, but still the wood 
remains on the left side for the check piece . Study 
the different photographs and drawings throughout 
the books, and with these before you, turn to one 
of the well designed check pieces shown. Picture 
the same form on your own stock, which is now only 
a block. Figures 72 and 84 will give the correct ideas 
to lay this out, together with the correct radius to 
use. Yet, with all this, you can take a lead pencil 
and lay these out just as well. I shall presume 
that you have the cheek piece laid out on your 
stock, with the receiver and guard clamped between 
the felt jaws of the vise and left side resting on the 
gun brace. With a %-inch flat-butt chisel, cut 
well around the form into the lines thus made. 
With a 1-inch flat-butt chisel and a small mallet, 
cut out the wood from the butt plate to the cheek 
rest, down along the sides and well along the grip 
to the comb. After the wood is removed, the form 
appears rather pronounced. With a wood rasp, 
you can remove the high points near to the form of 
the butt plate, and with a %-inch gouge, or smaller, 
begin to form up the outside bead, all around the 
outlines, staying well away from the bottom Vs 
inch. With a spoke-shave or draw-knife, proceed 
to remove some of the surplus wood on the check 
piece proper until you see the rest taking the form 
you have pictured. After fitting it to your face, 
continue to form the bead with the round gouges. 
Reduce the wood all around it with a rasp and a 
bastard file, which arc the only tools that can be 
used on this side of the stock. You will also form 
up the slope from the Monte Carlo effect to the 
heel, and carry these lines out very gracefully. 

At this stage you are able to determine whether 
or not the stock has the correct drop at the % 
distance by bringing the rifle up to your shoulder 
and aiming at an object in the manner described 
in Chapter VIII. If the offset is too high, remove 
some of the surplus height from the % distance 
up to the comb, being careful not to remove any 
wood at that point. Reshape the cheek piece at the 
proper form on top and again try the rifle to your 
shoulder. You may find now that you have the 
height about right, or you may find that it is still 
necessary to remove more wood, until you have 
very little of the original height left at the % dis¬ 
tance. Some require more height than others, and 
some none whatever. This I can onty leave to your 
best judgment. 

Following the roughing-out of the stock, the final 
shaping is to be done. Actually it does not matter 
where you begin, for at this stage you must jump 
from one place to another; harmonious lines are the 
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object, and a little removed at one point requires 
the removal of a small amount at another, just as 
an artist would do when completing a picture. 
Without any particular point in view, it will be well 
to work on the pistol grip and comb. The distance 
of 2% to 2% inches from the end of the tang to the 
comb is well roughed out, and also the form of the 
pistol grip to the form of the cap. With the spoke- 
shave and a half-round bastard file, bring all these 
lines well into form; also back of the grip cap, 
leaving the under-line form up a short distance into 
the grip proper, then ending and blending into the 
sides and grip. File out the curve of the grip from 
the end of the guard to the edge of the cap. To 
complete the form of the lines running into the grip, 
it will be necessary to remove the guard and with a 
spoke-shave work down the wood. Start from the 
magazine opening back to the grip and up to the 
edge of the trigger guard, before the guard is re¬ 
moved. With a thin flat chisel, remove all wood 
that projects above the trigger guard as it con¬ 
tinues back to the end. With the spoke-shave, trim 
the wood right up to the tang so it has only a light 
rounded edge left. The butt stock is clamped be¬ 
tween the felt jaws for this operation while the 
action is being removed from the stock. 

With the spoke-shave round up the edge of the 
stock on the left side of the action, along the top of 
the barrel opening on both sides up to the fore-end 
tip. Also file this to blend in with the lines thus 
made. While the barrel and action are removed, 
touch up all points that you see and cannot work 
on while the barrel and action are together. When 
all is completed, assemble the parts again and con¬ 
tinue on some other part of the stock, say, the fore¬ 
end and the sides. All the final finishing at these 
points is done with a spoke-shave and a 10 or 12 
inch mill file. Have the sides of the magazine and 
forward end of the guard come flush with the wood, 
carrying all these lines well out to the fore-end tip 
and the sides, which must have a rounded effect 
from the bridge of receiver to the rear of the maga¬ 
zine opening. These lines are then carried well into 
the fore-end and pistol grip. Having gone as far as 
you think best on this part, start on the right side 
of the stock and finish it up to the grip and a por¬ 
tion of the under side. 

At this stage begin the undercuts at the comb, 
removing the wood so that lines will begin to blend 
into the grip. Use a round curving chisel to re¬ 
move the wood at the comb in order to obtain a 
well rounded effect near the top of the comb. While 
doing all this work, always retain a pencil center 
line on the top. If you do not, you are likely to 
carry the comb too far to the left. The finishing to 
lines is done with a spoke-shave and a 12-inch mill 


file. Check often to see that you keep a straight 
line from the butt plate to the pistol grip, using 
either a 12-inch scale or a straight-edge. There is 
always a tendency to leave the center high, so re¬ 
member that this must be a straight tapered line. 
The spoke-shave is used to remove the surplus 
wood, and the file to straighten out the grooves left 
by the spoke-shave. 

Xext comes the final shaping of the cheek piece, 
and the forming of the stock around it. Most of 
this work should be done with a flat bastard and a 
mill file, with the round gouges for the radius on 
the ends. You will notice a square edge from the 
stock to the radius of the bead, which is a rise of 
yi, inch; then the radius starts from this edge. This 
part is filed in with a mill file and also a smooth- 
edged pillar file. After the radius is completed with 
a neat inward curve with the round gouges, the final 
finish is obtained with a round file equal to the 
radius. The square edge blends well into the comb, 
and the bead forms the undercut at that point, as 
you continue to the back with the bead and square 
edge. This curved radius gradually narrows at the 
top until it finally blends ahead of the % distance 
and dies out. 

While this is being done, the curve of the check 
is also worked out until a perfect rest is made for 
the face. When working on the cheek piece, bring 
it to the face often in the shooting position to see 
just how it feels. Test for circumference of the 
grip to see if it fits the hand perfectly, and also the 
rounding of the comb. All these parts must be in 
perfect balance for good handling of the rifle. 

When shaping the wood flush with the tang of 
the receiver, use a small bastard file and exercise 
the greatest of care. File away from the wood on 
each side, until it just comes flush. Always file in 
the direction of the action so that there will be no 
danger of pulling out a splinter of wood. As this is 
filed, carry the lines well into the comb and grip, 
using a small half-round bastard file. This type of 
file is also used to file the undercut of the comb, 
after the wood has been removed from that point 
with a round gouge. 

I find it difficult to explain the methods of giving 
the final form to the comb. Study all photographs 
in this book, and also as many different stocks as 
may fall into your hands, then work out one you 
think correct and work as near to it as you can. 

At the final shaping you may finish the pistol- 
grip cap or make a templet as shown in Figure 68, 
bringing the wood flush with the edges. If you 
have followed directions when you fitted the cap, 
you filed the under side to a perfect surface and 
also the face of the wood. You have the screw in 
the proper position with the slot facing north and 
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south. Assuming that all this has been done, you 
may now glue the cap in position before any further 
work is done and allow the glue to dry thoroughly. 
Then finish the cap to the desired shape. Proceed 
to file the grip down flush with the edges of the 
wood, holding the correct form. Study it frequently 
from the sides and top to see that you are holding 
a symmetrical form, not only to the cap but in the 
rear of the cap and the bottom side until your final 
lines blend into the stock, proper and disappear into 
the form of the pistol grip. 

In this work you have used quite a few files to 
obtain a true and even surface. In order to do the 
best work, the files must be sharp. A dull and worn 
file causes an uneven surface on the wood, for all 
wood has hard and soft spots; a dull file will not 
remove the hard spots but slide over these places 
and remove the soft spots, causing unevenness and 
a ridged surface. If there is a good deal of wood 
to remove with a file, you may use a certain amount 
of pressure; otherwise, use it very lightly to re¬ 
move the marks of the spoke-shave or rasp. Al¬ 
ways use the file across the grain. It will more or 
less shed the wood, leaving deep file marks which 
must be removed. 

The work you have completed is now ready to 
be sanded to obtain the desired finishes. At this 
stage you may complete the boring of the butt stock 
to bring the rifle into proper balance; this operation 
has already been described. If a buffalo-horn butt 
plate is being used, after boring out the stock, this 
may be glued in place and allowed to stand for 24 
hours. The sanding and finishing are described 
later and in Chapter XII. 

If there are any small imperfections to be doc¬ 
tored up, this operation should be done previous to 
the sanding or final finishing. At times such things 
as knot-holes may not present themselves until 
the stock is nearly completed. The very small 
centers in the knots may be drilled out, using a 
drill just large enough to remove the small eye. 
Turn up a piece of buffalo horn and glue this in, or 
if you lean toward the eccentric, ivory plugs create 
an unique appearance. If a knot-hole opens, up 
very large, it may be best to drill out the knot and 
insert a piece of walnut with the grain running 
lengthwise. Coat the plug thus made with glue, 
and drive it into place, letting it stand for at least 
24 hours before it is cut down flush with the stock. 
After all the defects have been repaired or removed, 
you may continue with the sanding operation. 

Not everyone wishes to have a cheek piece or a 
buffalo-horn fore-end tip, or even a pistol grip. 
Naturally, taste varies and requirements differ 
greatly. One may wish the fore-end shaped up with 
a schnabel; the next may only wish it running up 


to a point, while others may prefer the plain British 
style. A cheek piece is required for some men who 
are thin-faced, but not for full-faced men. Some 
may only wish the plain flat check piece found on 
the standard European arms, while others wish a 
particular rest of their own design. Nearly every 
one requires a pistol grip. 

A stock with the cheek piece, buffalo-horn tip, 
and Monte Carlo effect at the % distance is one of 
the most difficult stocks to turn out. The experi¬ 
ence the student will gain by working on the 
hardest form of stock will stand him well for the 
simple design, such as the plain stock with cheek 
rest and only a schnabel on the fore-end, which you 
have experimented with in Chapter VIII, together 
with the experience acquired with the comb under¬ 
cuts. Whatever form of stock you have made, it 
should fit exactly right when it is brought to the 
shooting position. It would be well to give it a 
trial on the range before you begin the sanding 
operation. After trying it in all positions in which 
you may use the rifle, you may find some minor 
changes necessary. The comb or cheek piece may 
not be formed just right. The pistol grip may not 
have the proper curve. You may also find the 
fore-end a little too full; it may be reduced. In 
fact, you will have a number of slight changes to 
make, for the range test really shows up more than 
any other form of trial in the shop. 

Shotgun Stocks — The forming of a shotgun 
stock is a very easy matter compared to the in- 
Ietting of the action. The work on the exterior of 
the stock is similar to that of a rifle, except that 
you have a more dainty and slender stock to 
form up, which must be very graceful when com¬ 
pleted. 

Flace a straight-edge over the rib, which has an 
opening for the front sight, at the same time allow¬ 
ing it to rest at the rear on the top of the rib. You 
have uspd the straight-edge on the rifle over the 
front sight, and at the center of the rear sight. It 
is done in the same manner on a shotgun which is 
over the sighting plain, or over the rib as on the 
Cashmore, or any other double shotgun. Figure 72 
will give you a much better idea of the principal 
layout lines, while Figure 67 gives dimensions. C 
is the length from the center of front trigger to the 
center or outer edge of butt plate. This measure¬ 
ment may be between 13% and 15 inches. N is 
the distance from the end of the stock, fitting 
against the action. This measurement varies so 
greatly on the different makes of arms that no 
length can be given for new measurements; it is 
only used as a check to make a new stock for the 
same action. / is also a measurement which can- 
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not be given for the same reason. Still it is a con¬ 
venient means of checking. 

It will be far better to bring the point of the 
comb into proper perspective to the other lines, and 
at the same time in the location which will fit the 
hand comfortably. H, I, F f and G are the layout 
lines for the pistol grip. F is the distance from 
trigger to edge of pistol grip. II and / vary greatly 
on different forms of actions, so these figures can 
only be used as an approximate measurement for 
the average. A is controlled by line of sight and 
drop at comb, while I is a figure we can use but 
should not be governed by; it is about 3 inches or 
less. H may be used as a given maximum or mini¬ 
mum figure, which is between 2% and 3 inches. G 
is the length of the pistol-grip cap, which is between 
% and 1 Vs inches wide. This is connected to H f 
forming the angle of the pistol grip. Having these 
lines laid out, you will now secure the distance K, 
which is the butt plate to be used. Then draw a line 
from K at the toe, intersecting lines II and G pro¬ 
viding these lines are laid out to the correct meas¬ 
urements which will come well in line and well in 
proportion. You may now saw this section out, 
together with the pistol grip. This is from G to H 
and from K to H. You may now fit the pistol-grip 
cap. The stock having been cut to length, the butt 
plate is also ready to fit. E and D are the distances 
from the center of front trigger to heel and toe. 
These measurements govern the pitch. These two 
lengths cannot be measured, as explained in the 
Springfield measurements, but are so placed that a 
dimension can be given when future stocks are 
made. L is the measurement at the top of the 
% distance. This is a matter of choice with the 
student. A is the drop at comb, which measures 
1% to I Yi inches in this day of straight stocks. 

In a new stock the % distance or the top of the 
Monte Carlo effect is generally left 1% to 2 inches 
in height and removed when not required, after you 
have tested the gun in the shooting position. You 
may only have a small indication of this left when 
you have found that the full height is not desired. 
M is the circumference of the pistol grip. This 
measurement also varies on shotguns the same as 
on rifles, and no set rule can be given, for the reason 
that we have the light and heavy gun, and the only 
reliable method is to fit your hand around the grip. 
For a normal hand, the circumference of a grip 
should be between 4Vfc and 4% inches. This meas¬ 
urement is for a 12-gaugc arm. Naturally we have 
the small bores such as the 20, 28, and 410 gauges, 
and some of these light guns are rather delicate in 
the grip. As hands differ, we must construct grips 
which will fit comfortably and still hold to the racy 
outlines desired. 


The exterior of a shotgun stock is roughed down 
as on the Springfield, except that you have a 
daintier stock to work on, which is only held to the 
action by two small screws without the support 
that a bolt action would have. Consequently, you 
must exercise greater care and not put undue pres¬ 
sure on the wood to remove the chips, for you can 
only hold the small part of the action between the 
felt jaws in the vise with the butt end resting on 
the gun braces. 

The fitting of the butt plates is the same on a 
shotgun as on a rifle, so we will assume that you 
have completed all of this part and carried out the 
other requirements such as pitch and cast-off. The 
latter shotgun problem has been an open discussion 
for a long time on this side of the Atlantic, no 
doubt because of the fact that all shooters do not 
know how much this affects shooting for better re¬ 
sults. Nearly all factory arms are minus cast-off 
and the American shooter has become so accus¬ 
tomed to it that he finds it difficult to change. 
When a stranger comes into my shop, and puts an 
arm to his shoulder that has all the proper measure¬ 
ments, he invariably asks me what I have done to 
the gun to make it fit so comfortably. Then I ex¬ 
plain all these essential points to him and he rarely 
is satisfied until he has a gun made to fit his exact 
measurements. 

Roughing — On a straight stock without cheek 
piece, such as designed for the Cashmore, the wood 
may be reduced greatly with a plane and a spoke- 
shave, also a small cabinet rasp and 8-inch half- 
round bastard file. Be careful at this point that yuu 
do not allow a file or chisel to hit the metal parts, 
for this will leave bad scratches or file marks on 
the action or guard. The comb must be worked in 
as you shape around the pistol grip. There are no 
particular tasks from now on, for you are moving 
from one point to another, using your eye, which is 
your best guide when the stock begins to take form. 
The stock is continually taking form until you have 
reduced the wood flush with the butt plate. On the 
Cashmore, I have used a buffalo-horn heel plate, 
and before setting it in place I have reduced it to 
1% inches wide and 5Vi inches long, removing most 
of the material at the heel to secure this length. I 
have left the center high, making a very convex 
surface, and after complete polishing I have placed 
a very neat checkering design on the face, for buf¬ 
falo horn takes checkering readily and gives a very 
artistic touch to the finish of the heel plate. 

You have probably had difficulty in forming up 
the pistol grip, but if you will bring the lines out in 
the best perspective—by forming the buffalo-horn 
cap to a complete oval on top, down to within Via 
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inch of the edge, and then letting your lines blend 
out into the pistol grip proper—you will have solved 
a part of this problem. Many amateurs make the 
mistake of placing odd forms on the caps, breaking 
the lines and not blending in well with the form of 
the grip. Also they often place a thick flat cap on 
the grip. By all means try to keep the cap formed 
to an oval if possible, so that when you place the 
arm in your gun cabinet the grip cap with a dis¬ 
crepant design will not be staring you in the face. 
Let the wood run out straight from the sides of the 
action, so that it will be possible to form the side 
panels on the finishing operation. Let the comb 
be well rounded and form the step-off to heel at the 
% distance. The finish will only be a matter of 
reducing the wood to secure the correct drop at this 
point when the weapon is tried out for height of 
drop. 

The finishing of the stock is done with a spoke- 
shave, a flat bastard file, a mill file, and a small 
half-round file for the side panels. First secure the 
correct form of the panel with a round carving 
chisel. Reduce the % distance and round the comb 
so that you can try the gun to your shoulder. Keep 
reducing this part until you have a drop that comes 
up with perfect ease and comfort. 

Test the gun in the field under actual shooting 
conditions to see if the results are the same you 
experienced in the shop when you tested it to your 
shoulder. The actual shooting will prove to you 
four points: drop, length, pitch, and cast-off. The 
last cannot be changed, but the drop, length, and 
pitch can; do this now. Length may be reduced, 
but not added to, except with a foreign addition. 
Pitch may be easily taken care of by reducing the 
heel or the toe. Drop is only a matter of reducing 
the distance at the comb and % point. Another 
trial in the field should be given to see what differ¬ 
ence has been made, and after that is done you will 
be prepared to make the finishing touches. 

It will be best to begin at the side panels. First 
study a sample stock, and then finish the stock flush 
with the action so that this will be one continuous 
line. If you do not feel confidence enough in your 
artistic ability to lay off the point of the panel with 
a lead pencil and scale, lay it out on the drafting 
board, and with shears cut it out to the lines. Lay 
the paper on the side and mark out with a lead 
pencil; then reverse the paper and lay the opposite 
side out. With these lines in the correct position, 
take the small carving chisel and form the radius. 
If you should wish the small continuation of the 
design which is placed in the back of the large panel 
at the point, carve this out, keeping the bottom 
edges sharp. I always place a radius around the 
edge of the panel at the point, instead of the small 


design, for when you carry out the radius to a 
sharp point, it will leave a slight rise back from the 
point and will die out in the grip. You may then 
have well blended lines, but when you place the 
very small panel back of the point, this will break 
them most unattractively. Most British shotguns 
have had this added panel for a long time. Of 
course, many like such additions, but there are 
a thousand and one ideals of beauty. Continue to 
finish the pistol grip, and have all the wood come 
flush with tang of action, trigger plate, and guard. 
Give the comb the final finish and then complete 
the sides, comb to heel and underside lines. Most 
of this work is done with the mill file. Have the 
wood and heel plate come flush. When all is com¬ 
pleted, remove the butt plate and bore for the cor¬ 
rect balance, which can only be determined by 
“feel.” Glue the butt plate on and let stand for 
24 hours. The stock is then ready to sand, which 
will be explained later in this chapter. 

Having completed a rifle and shotgun stock, you 
may apply similar methods to all other stocks. 
Some double guns have the side plates. These are 
finished in the same manner; there is only a little 
difference in the forming of the wood around the 
plates. A straight hand stock is far easier to make 
than the pistol-grip stock. It really makes little 
difference to the beginner when he has the general 
principles of the exterior forming or modeling of a 
stock whether it is a two-piece stock or a rifle. 
The general principles are the same. You may re¬ 
quire a slightly different design or you may wish 
an odd design. This is entirely up to you, and I 
will let you work out your own problems, for if I 
went on and placed before you the many odd ideas 
which T have incorporated in stocks to suit indi¬ 
vidual requirements, this chapter would be out of 
all proportion to the rest of the work. You are 
well prepared to form a mental picture of just what 
you wish and to carry it out to your own expression. 

To place the final finish on the surface of the 
wood, you must go over it with sandpaper. Use 
No. 1 garnet paper for the roughing, and for the 
final finishing use No. 7/0, which is the finest sand¬ 
paper made. With a wet cloth, thoroughly wet the 
entire exterior surface of the stock, causing the 
grain of the wood to rise and the surface of the 
wood to appear very splintery. Allow the stock to 
dry naturally. With No. 3/0 steel wool, remove 
the upraised splinters, and then use No. 1 garnet 
paper. The steel wool is used first to cut the 
splinters off the wood, for sandpaper has a ten¬ 
dency to imbed them back into the wood instead of 
cutting them off. 

Before sanding operations are started, cut a 
broom handle off to between 8 and 10 inches, and 



MODELING AND SHAPING THE STOCK 


155 


form 6 inches of one end to fit into the barrel chan¬ 
nel of the fore-end. The end is then drilled for 
wood screws 4 inches apart and screwed into the 
fore-end. the short end extending out as a center. 
I shall assume that you have the checkering frame 
made. From now on this will be a valuable addi¬ 
tion to your stock work, not only for checkering but 
for hand polishing as well. With the stock centered 
in the frame, all the wetting and sanding may be 
done without any danger of knocking the stock 
against any metal objects. 

After each wetting, the steel wool is used first, 
then the sandpaper. After the first wetting. No. 1 
garnet paper; second wetting is then followed by 
No. 0 sandpaper. Then No. 2/0 follows, and so 
on until you have reached the No. 7/0 paper, which 
is used for the final finish. The wetting and sand¬ 
ing is repeated until there is no further chance of the 
grain of the wood rising and the surface of the wood 
is perfectly smooth and free from any marks what¬ 
ever. This operation is often termed “whiskering."’ 

At this stage, the sling-swivel bows may be fitted 
into the butt stock and fore-end, and also the silver 
or gold ovals or shields may be inlayed, if inlays of 
any kind are desired. After these are glued into 
place, they are filed flush with the wood and the 
file-marks are removed with fine No. 7/0 sandpaper. 

A very convenient sandpaper holder is a piece of 
cork measuring P /2 x 2 x 3 V 2 inches. Cut your 
sandpaper so that it will just come up over the 
1 ^-inch height. Smaller pieces of cork may be 
used to advantage, as well as the larger pieces to 
get into odd forms. You can also form pieces of 
the cork to take various radii. There is just enough 
“give” in cork to produce the proper sanding on a 
stock. 

T 11 sanding forearms, such as on single-shot rifles 
and fore-enrls on shotguns, the best results are ob¬ 
tained by making holders to go between the centers 
on the checkering frame, holding the fore-ends fas¬ 
tened to these centers. With the work thus sup¬ 
ported, you can turn the piece in the direction most 
convenient to work to. Doing such work as this in 
a vise is one of the most unhandy methods, for you 
do not have the support at the end, and for that 
reason you are unable to use any pressure on the 
sandpaper. 

When sanding a stock—or for that matter any 
piece of wood—always sand in the direction of the 
grain of the wood. When sanding a fine piece of 
wood across the grain, even with the finest sand¬ 
paper, you will notice that it leaves marks; it is 
very much more difficult to remove these with the 
rottenstone when polishing. 

The working of curly or bird's-eye maple requires 
a method of finishing very different from that used 


on any of the walnut woods. When making a stock 
of curly maple or even bird's-eye, the exterior is 
roughed out with a sander made as Figure 83 
illustrates. Fasten these to the spindle of the 



Fig. 83 

Sanding drum lor uso on bonch giindor 


grinder. Turn the drums out of any good hard¬ 
wood which docs not have any checks, or glue 
V^-inch pieces together, crossing the grain on each 
piece as it is glued to the next, for strength. When 
this is completed, cut out a small section length¬ 
wise with a wedge effect and make a wooden wedge 
to fit into this groove, allowing enough on the sides 
for the sandpaper. At the same time the wedge 
will be below the outside surface when it is pulled 
down tight. Wood screws may be used to hold the 
wedge in place. 

When this is done, cover the face of the wood 
with carpet which has a good heavy nap, and tack 
the carpet to the face of the drum with the nap 
standing out. The edge of the carpet should come 
flush with the cut-out for the wedge. You may 
procure sandpaper for the drums from any of the 
large supply houses in any grade and width. Cut 
the length which will encircle the drum and allow 
enough for clamping the ends. Come down into the 
bottom of the cut-out, and place the wedge in posi¬ 
tion. Screw it in place, and as you pull the wedge 
down it will tiehten the sandpaper. The small 
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opening left when the wedge is in place can never 
be noticed when the sanding is being done. 

A sanding drum made in thi3 manner will elimi¬ 
nate a lot of hand work, especially on the finishing 
of maple. Nearly all the roughing can be done 
with a heavy rasp, and the final roughing can be 
done on the sanding drum, except around the odd 
forms, such as the pistol grip and comb; but where 
a straight side can be worked, the satider will do a 
better job. Such a drum made for the grinder 
may be used for a number of wood operations, and 
when once used, you will be surprized to know 
what a large amount of work this will be called 
upon to do. The nap on the carpet gives the sand¬ 
paper the amount of elasticity required and at the 
same time has a very fast-cutting effect. 

Many beginners often wonder how the round 
forearms are made, such as you find on the Win¬ 
chester and Remington pump guns and automatics. 
At the factory they are bored out from a solid piece 
of wood on a special machine with a tool to remove 
the center without the least effort. However, you 
will have to bore this out on a lathe. This opera¬ 
tion will also apply to fore-ends on tubular maga¬ 
zine rilles as well, except that the forc-cnd is 
formed instead of being turned after boring. First, 
square up the piece of wood that is to be used, and 
then remove the four corners with a plane, making 
the blank octagon. Shape when cutting the piece 
to length. Allow % inch for finishing the ends. 
Chuck the blank in the lathe to run true, and use a 
Vz to %-inch drill to get a hole started. If you 
have a Forstner bit near the desired size of the 
finished hole, this will be much better than a drill. 
A regular auger bit cannot be used successfully, 
for it has a tendency to split the wood even tho you 
have left your blank large enough. After you first 
drill a hole, you can enlarge it by using a drill of 
larger size, so that the boring bar can pass through 
the hole first made. 

After the center hole is enlarged, the following 
operation is to bore it out, using a boring bar with 
a square or round tool fastened in the end, the bar 
held in the tool post or a regular boring bar holder 
such as the Armstrong. As you have a long dis¬ 
tance to bore out, do not remove too great an 


amount of wood on each cut. The tool used must 
be ground with a long cutting lip and stoned to a 
keen cutting edge so that it will not tear the wood. 
Bore the hole to the desired size and face the end 
before removing from the chuck. On the Win¬ 
chester pump guns, such as the Model 12, the ends 
are turned to a form so the nuts can bold the wood 
to the center without splitting. 

Remove the fore-end from the chuck and chuck 
another piece of wood. Turn this so the fore-end 
can just be driven on with light taps. The end 
which is turned is driven on the arbor thus made, 
and the outside turned to any desired size or form. 
Very light cuts must be taken with a tool ground 
to a long cutting lip so that it will shave the wood 
instead of tearing. When it is completely turned, 
remove the fore-end from the chuck, and after re¬ 
moving from the mandrel, save it for the next job. 
After the locking nuts are in place, together with 
the pins or the tube, the barrel channel is cut out 
just so there is a free, even movement of the fore¬ 
end back and forth on the magazine. On the regu- s 
Iar Winchester fore-ends, such as you have made, 
you will notice a considerable amount of end-play 
or more of a sloppy, twisting motion as the action 
is worked. This can be eliminated in the new forc- 
cnd by making a perfect fit in the channel to con¬ 
form with the barrel. When all this is completed, 
turn another piece of wood which will just fit the 
tube so it can be used on the centers of the checker¬ 
ing frame for the sanding and checkering opera¬ 
tions. 

The styles of fore-end which have just been de¬ 
scribed are rather difficult for the beginner to make 
without a lathe. Some of the small fore-ends he 
may be able to make by boring out first and then 
shaping suitable wooden holders to perform the 
other operations, but for the larger ones he must 
have the proper equipment. Beaver-tail fore-ends 
or any special style of forearms, such as on single- 
barrel trap guns where the wood fits well up along 
the sides of the barrel, or on single-shot rifles which 
require special forearms, must be shaped on special 
wooden forms that can be clamped in the vise and 
worked upon without any danger of chipping the 
edges if clamped directly in the vise. 




CHAPTER XI 


Bedding Barrels and Actions 

♦ 


T HE undertaking of inletting a barrel and ac¬ 
tion into a blank by the beginner the first 
time usually results in one or two bad mistakes. 
One of these is to inlet the rear of the receiver into 
the blank too deep or not deep enough; the former 
is the most common, and when it happens the 
forearm stands away from the barrel often as much 
as a half-inch. Naturally the owner of such an 
arm is at a loss to know why his rifle will not 
shoot, especially when he has pulled the forearm 
up to the barrel with an encircling band. The 
amateur should have a clear impression in his 
mind of what he is about to do when he attempts 
the imbedding of an action and barrel into a blank 
of wood. I have touched upon this question in 
Chapter X, but on all important subjects we must 
be warned of certain dangers the second time, and 
this subject is one that every beginner should learn 
by heart. 

Colonel Whclen's long term of duty at the 
U. S. Springfield Armory as an officer in charge 
of the experimental division enabled him to study 
a great many problems, and every one should bene¬ 
fit by his extensive tests and findings on the sub¬ 
ject of bedding rifle barrels and actions. Figure 84 
illustrates his standard design of rifle stock, show¬ 
ing the cheek piece. This can often be referred 


to when laying out a stock; many express their 
desire for this design. 

Since Chapter IX and this are related, it will 
be well for the reader to study the question from 
both angles and arrive at a dear understanding 
of the principles involved. The following was 
written by Colonel Whelen while he was studying 
the problem at the U. S. Springfield Armory: 

“The bedding of the metal portions of the rifle, 
that is, the barrel, receiver, and guard, in its stock 
has a very important relationship to accuracy and 
to the maintenance of zero. To shoot really well, 
a rifle must be very stiff from butt to muzzle. No 
really good accuracy has, as a rule, been obtained 
from a light rifle having a two-piece stock—that is, 
a stock and forearm in distinct pieces and separated 
by a metal receiver, particularly when the butt 
stock is secured to the receiver by tangs and screws. 
Sometimes fairly good accuracy has been obtained 
where the stock of a light rifle is secured to the re¬ 
ceiver by a long bolt passing through the stock to 
the butt and the screw set up very tightly (Sharp's 
and Ballard rifles, for example), because this is a 
very much stiffer method of attachment than the 
usual tangs and screws. 

“If we search the records prior to about 1900, 
we find that really good accuracy had been ob- 
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tained only from single-shot rifles having very 
heavy barrels. The heavier a barrel the more 
accurate it always is, other things being equal, 
and these stiff heavy barrels did much to make up 
for the poor design of the stock attachment. But 
it was very seldom indeed that really gilt edge 
accuracy was obtained even with these heavy-bar¬ 
reled rifles, and they can hardly be termed light 
rifles. By a light rifle, we mean one weighing 9 
pounds or less. 

“With light rifles, really gilt-edge accuracy has 
only been obtained with one-piece stocks, or more 
correctly speaking, with modern bolt-action rifles 
which have been properly bedded in their stocks 
in accordance with certain principles. Even the 
most perfectly made bolt-action barrel and breach 
action will not shoot with good accuracy unless it 
be properly bedded in its stock. By proper manu¬ 
facture, gauging, and inspection, it is possible to 
make barrels and breech actions by quantity pro¬ 
duction so that they will practically always shoot 
with splendid accuracy when bedded right. But 
because of the nature of wood, it is not possible to 
construct a stock by quantity production to such 
accurate measurements that it will invariably bed 
right when assembled to the metal portions by or¬ 
dinary screwing together. There is an art of bed¬ 
ding, and where the finest accuracy is desired, this 
must be done by hand by a workman who thor¬ 
oughly understands the operation. Even so, fine 
accuracy is not assured unless it is proved by 
targeting the weapon. 

“The fact that bedding had a decided effect on 
accuracy was first discovered in America by a 
small group of workmen at Springfield Armory 
about 1880. These workmen at that time were 
members of rifle teams shooting the old .45-70 
Springfield rifle (which had a one-piece stock). It 
is believed that no official record was made at that 
time of the influence of bedding on accuracy. How¬ 
ever, Mr. Freeman Bull talked of the matter to 
the then young employees of Springfield Armory 
before his retirement. About 1909, Springfield Ar¬ 
mory began to manufacture rifles of selected and 
special accuracy for use at the national matches, 
and in an effort to secure better accuracy from 
those rifles, the employees, remembering what Mr. 
Bull had told them, began to experiment with bed¬ 
ding; in three or four years they evolved a method 
which practically always resulted in splendid ac¬ 
curacy. From Springfield Armory this knowl¬ 
edge gradually spread to other manufacturers. The 
Winchester Repeating Arms Company first began 
to apply it to their Model 52 rifles a few years 
after that famous model was placed on the market, 


and as evidence of results one has only to examine 
the records made by that rifle in recent years. 
Lately, they have applied the same methods to 
the assembly of their Models 54 and 57 rifles. 
Certain of the custom rifle makers, notably Howe, 
Niedner, and Owen, learned this method around 
1920 from their associations with officers and men 
in the Ordnance Department of the Army, and 
more recently all rifle manufacturers and gun¬ 
smiths actively interested in improving the accur¬ 
acy of their rifles have become acquainted with it. 

“In England, the effect of bedding on accuracy 
was discovered in attempts to make the Lee En¬ 
field rifle shoot with greater accuracy. That rifle 
with its two-piece stock and its very light barrel 
is particularly sensitive to bedding, and when one 
searches literature on the subject of the accuracy 
of the Lee Enfield rifle, he finds whole volumes 
of instructions and suggestions about bedding. In 
Germany, bedding has been thoroughly learned 
by Mr. H. Gerlich, the maker of the Halgcr rifle, 
and as a result, that rifle lias attained an enviable 
record for accuracy in Germany. Mention should 
also be made of the Swiss Martini free rifle used 
in international matches. This rifle has a two- 
piece stock, and its accuracy is due to an extremely 
heavy barrel plus a slock secured to the receiver 
by a heavy bolt passing completely through the 
stock and set up very tightly. 

“At the present time at Springfield Armory, all 
the metal portions of the rifle are made to ex¬ 
tremely close tolerances and are most rigidly 
gauged and inspected, so that fine accuracy is prac¬ 
tically assured. After the rifles are assembled, 
they are sent to the range for targeting from ma¬ 
chine rests before final acceptance. The .30-cali- 
ber rifles are capable of grouping their shots in 
about a 2% to 3-inch circle at 200 meters (217 
yards), and the .22-caliber rifles in the 10-ring 
of the small-bore target at 50 and 100 yards. If 
they do not group this well, they are returned to 
the manufacturing department for correction, and 
49 out of 50 times it is found that the trouble 
is in the bedding. This having been corrected, the 
rifle invariably targets up to standard. It is a 
common occurrence to have a rifle target a 6 to 
10 -inch group at 200 meters, and upon being re¬ 
bedded in its stock, to target a 2 to 2%-inch 
group. 

“The following is the method used by Springfield 
Armory in bedding the metal portions of Model 
1903 rifles in their stocks to obtain the highest 
degree of accuracy, and maintenance of zero. 

“The rear guard-screw bushing is regarded as 
essential. Great care is taken to insert it very 
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lightly in its hole in the stock, and to perfectly 
aline it so that the rifle and receiver will not be 
canted to either side. The bushing and the guard 
screw must both be tight and firm in the stock. 

“The wood surrounding the rear tang of the re¬ 
ceiver and the rear tang of the guard must be a 
very tight fit on these parts, except that the wood 
in rear of the rear radius of the receiver tang 
should be relieved slightly to avoid tendency of 
the stock to split longitudinally in the small of 
the grip. The rear guard-screw should be screwed 
up very tightly, and should bind the receiver and 
guard absolutely at this part. If this screw be¬ 
comes loose the rifle will at once begin to shoot 
very poorly. 

“The rear surface of the recoil shoulder on the 
lower front portion of the receiver must bear solid¬ 
ly, tightly, and evenly against its rear vertical con¬ 
tact with the stock. 

“The flat under-surface of the receiver in rear of 
the recoil shoulder should hear evenly and level 
on its seat on the stock. It is very essential that 
this seat be cut perfectly level in the walnut so 
that when the front guard screw is tightened it 
will hold barrel and receiver evenly with no ten¬ 
dency to cant to one side or the other. It helps 
out the rear guard-screw and bushing in this re¬ 
spect. If there is any strain which tends to cant 
the rifle to one side or the other the zero will vary 
continually. 

“Moreover, when the stock is fitted to the barrel 
and receiver, before the guard-screws have been 
tightened, there should be a slight tolerance between 
the flat under-surface of the receiver in rear of the 
recoil shoulder and its flat seat on the stock. The 
two should not meet by say inch. Then when 
the guard-screws are tightened up, the front guard- 
screw should pull the stock up to meet the receiver, 


and in doing so should in addition press the tip of 
the forearm or fore-end tight against the bottom 
of the barrel. 

“In the case of the full-stocked forearm of the 
military-type rifle, the forearm touches the barrel 
only at its tip. The forearm should press upward 
against the bottom of the barrel at the upper band 
with a pressure of about five pounds. The upper 
band is assembled so that it does not touch the 
top half of the barrel. When the rifle has been 
completely assembled, the muzzle portion of the 
barrel should bear down on the tip of the stock, 
and there should be about %•> inch clearance be¬ 
tween the upper band and the top half of the 
barrel. In pressing up on the barrel of the rifle 
and down on the upper band, it should take about 
five pounds' pressure to cause the upper half of 
the barrel to touch the inside upper half of the 
upper band. 

“In the case of rifles stocked with the Model 
1923 pistol-grip stock with short forearm, the 
barrel should be accurately bedded for the entire 
length of the forearm, but the tip of the forearm 
should press upward against the bottom of the 
barrel a trifle harder than the remainder. That 
is, when the front screw is tightened the tip of the 
forearm should press up against the bottom of the 
barrel with about five pounds’ pressure. Then the 
lower band should be fitted so as to bind the fore¬ 
arm quite tightly to the barrel. If a barrel band 
encircling the entire barrel is used, the band itself 
should not fit so tightly as to preclude the barrel 
elongating without buckling when warm from 
firing. 

“The owner of the rifle should be informed that 
it is necessary to keep the two guard-screws screwed 
up very tight at all times. This caution applies to 
every type of rifle.” 


CHAPTER XII 

Giving the Stock 
Its Final Finish 
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Giving the Stock Its Final Finish 


T HE proper finish applied to the wood of a gun 
stock causes the realization that the exterior 
appearance constitutes the beauty of the wood. 
Consequently we must be very particular in select¬ 
ing a high and durable finish which will be most 
appropriate. The various materials named here are 
to utilize or produce these finishes and bring the 
character of the wood to the surface. The next 
consideration is durability. The use to which the 
gun is to be subjected determines this in many 
respects. If you should have a beautiful piece of 
wood in a stock and only wish the gun as a show 
piece, French polish will constitute the ideal finish. 
But if you wish a durable finish which can stand 
the hardest usage, we must turn to what is com¬ 
monly called the “dull London oil finish.” When 
linseed oil alone is used on American walnut, it 
tends to darken the wood to such an extent that it 
kills the beautiful figure, so wc must vary our 
methods and use other materials to bring out the 
character in the wood. An oil finish is more suc¬ 
cessful on English and Circassian walnuts. Italian 
and French walnuts also take it very nicely, altho 
it must be used discreetly or it will kill their beauty. 
Nature has woven into the liber of each of these 
woods a richness and variety of coloring which is 
always pleasing in appearance, and in the exquisite 
grain and figure of these woods she has traced pat¬ 
terns far beyond the reach of any artist. The best 
finish is that which accentuates these natural beau¬ 
ties and enhances them with color. There are few 
woods lacking beauty of structure when the experi¬ 
enced gunmaker knows how to bring out this beauty. 

The beginner’s ideal must necessarily l>e simple 
so that he can make the most of what he has to 
work with and at the same time produce a maxi¬ 
mum of beauty and serviceability. A wise plan 
will be to experiment with different kinds of woods 
to obtain some experience before applying the final 
finish. Let us take for example our American wal¬ 
nut. Procure four different pieces: one from Ohio, 
one from Pennsylvania, one from Kentucky, and 
one from Texas. From each of these samples finish 
a board as you would a stock, and have them 
measure % x 3 x 10 inches. Give each piece a 
coat of raw linseed oil on one side, being very 
careful not to get any oil on the opposite side. 


Stand these up on end, and let dry for two days, 
then polish with rottenstone, a process described 
later in this chapter. Stand the four in the light 
and see the different results one coat of oil pro¬ 
duced on each hoard. On the opposite side give 
them a coal of filler, also described later. Then 
give each one a coat of French polish, which will 
bring out the true character of the wood. On the 
oiled surface, apply a coal of French polish. At 
that point judge the differences. 

Notice how soil conditions influence the character 
of these woods. On the better woods, such as 
French, Italian and Circassian walnut, we must 
carry the first oiling of the wood to a certain degree 
and stop when the critical point is reached, espe¬ 
cially on darker woods. On lighter grades of wal¬ 
nut, either foreign or domestic, the process which 
has always been recommended may be applied; 
this process is mixing one part turpentine and three 
parts raw linseed oil, and applying coats of this 
mixture until the wood will not absorb any more. 
This is the correct method for light porous walnut, 
but such a treatment would ruin a highly figured 
wood such as French or Circassian. These woods 
have a very close grain; it is impossible to penetrate 
with the oil and turpentine over % 4 inch under the 
surface of the wood, and by applying further coats 
of the mixture you only darken the surface and 
destroy all figure. 

Undoubtedly this chapter will be read by the 
man who has had more or less experience in wood 
finishing, and also the man who takes great pride 
with his wife in choosing their furniture and home 
decorations. However, you will find stock finishing 
a very different problem and one to he treated 
from an entirely different angle. Then there is the 
amateur who does not know the first principles of 
finishing. He may have to select a piece of wood 
from his local source of supply, wood of such a 
nature as to necessitate a stain of mahogany or 
walnut to darken it so that it will resemble the 
more expensive walnut. Amateurs seldom choose 
the more expensive woods to begin with. They are 
likely to select one of our domestic woods, such as 
maple, cherry, beech, ash, birch, black walnut, or 
apple. When they do, it is possible to apply a 
stain and finally the finish to protect both the color 
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and wood from moisture. When chemical stains 
are used on hardwoods like maple, birch or apple, 
it is important to apply them uniformly over the 
surface to avoid blotched areas of color. A coat 
of water washed on first with a sponge just before 
the stain is applied will help to spread the stain 
evenly, if it is done before the water is dry. 

The chemicals used for staining purposes are 
many, and they arc used in various combinations. 
The acid and alkaline stains most commonly used 
are these: 

Tannic acid 
Picric acid 
Acetic acid 
Sulfuric acid 
Hydrochloric acid 
Ammonia 

Oil Finishes — All woods are composed of fibers 
and cells, and while growing, these cells arc filled 
with water or sap. When the wood is seasoned, 
the surface cells are little holes or pores. In black 
walnut they are fairly large and must be filled, but 
on close-grained French, Italian, or Circassian, a 
filler is not necessary, tho desirable. At one time I 
never used a wood filler on any of these woods, but 
I have found that it will pruduce a more satisfac¬ 
tory finish on almost any type of wood. 

The importance of filling the pores in wood is 
indicated by the fact that an expert stock-maker 
inspects a filled surface after it is dry with a mag¬ 
nifying glass. If he finds a number of pin holes in 
the filled surface indicating filled bridges over the 
smallest pores, he applies the second coat of a thin¬ 
ner consistency, allowing it to dry until it is hard, 
and then using fine steel wool to bring it down to 
the bare wood. 

The basic materials used for mixing fillers must 
be ground very fine. The chief material used in 
a high-class filler is silica (silex). It is doubtful 
whether any other material is as good as a very fine 
water-fioated silica. It is white when dry, but 
being quite transparent, takes on the color of what¬ 
ever substance it is mixed with. Silica is inert 
chemically, showing no unfavorable reactions when 
mixed with other pigments and liquids, such as wal¬ 
nut filler, which is put on the market by the Sher- 
win Williams Company; this is what the beginner 
will use. 

The stock to be finished in oil should be deserv¬ 
ing of the most thorough work in preparing it for 
the finishing process. It should first be dusted off 
with a brush. Greasy hands should not touch the 
surface of the wood, for they will cause spots which 
will show through the final finish. Perspiration also 
produces an effect which can not be removed unless 
the stock is again finished. Maple will turn a pink 


color if perspiration touches it, so it is better not 
to attempt to handle this wood when the weather 
is extremely hot. 

When the stock is thus prepared, apply a coat of 
filler, rubbing it in across the grain so it will fill 
the pores of the wood evenly. The most successful 
way to do this is to fasten the stock between the 
centers in the checkering frame. Let it stand for 
one hour or more and remove it with a heavy piece 
of cloth or clean burlap sack, rubbing the filler off 
against the grain. After removing the heaviest part 
of the filler, let it stand again for five or six hours 
and then go over the surface very lightly with No. 
3/0 steel wool. Follow with No. 7/0 sandpaper, 
and apply a coat of raw linseed oil. The method 
thus described is for American walnut. For the 
fine-grained and figured woods such as French, 
Italian, and Circassian walnut, the oil is applied 
first and the stock allowed to stand for three days. 
On very darkly figured wood one coat of raw lin¬ 
seed oil may be the only application required. This 
is where you must be the judge, for the second may 
darken the wood too much and kill the figure. 
Then again the wood may be of such a nature that 
you can apply from four to six coals of the raw oil 
and still retain the character. When more than one 
application of oil is given, always allow the stock 
to stand three days before more oil is applied, as 
this length of time tends to oxidize the oil in the 
wood; preceding applications are only absorbed by 
the more porous sections of the wood, and the hard 
portions will build up the oil. When the desired 
color and figures arc brought out by this oil treat¬ 
ment, let the stock stand one week to thoroughly 
oxidize the raw linseed oil. Then, with No. 3/0 
steel wool completely remove any oil which has 
been built up on the surface and apply a coat of 
wood filler (following instructions given for wood 
fillers). Again go over the surface with steel wool, 
burlap sack, or heavy cloth. The stock is now' pre¬ 
pared to be rubbed with the rottenstone process, 
which is treated later. 

On American walnut the filler is used first: this 

# 

shortens the period of oiling which must be done to 
bring out character in the wood; otherwise it will 
darken to such an extent that it will become black 
and void of all figure. Naturally you want to avoid 
this last, regardless of what other advice you may 
have received. The professional gunmaker strives 
for beauty in walnut regardless of the species, and 
at the same time tries to insure the wood against 
absorbing moisture. A few years ago nearly all the 
American walnut used was the common Mississippi- 
bottom walnut; even today this is still used by the 
Springfield Armory and other gun manufacturers. 
On this class of walnut it makes no difference how 


Lime 

Potassium permanganate 
Nitric acid 
Chlorid of iron 
Manganese sulfate 
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many coats of oil are applied, for, since it is a very 
porous wood, it will absorb between twenty and 
thirty applications without harm to the figure or 
character. Nearly all the advice given in the past 
was based on this class of wood. Today we must 
change our ideas and work with different methods 
in order to bring out beauty which nature has so 
generously bestowed upon us, instead of hiding it. 

When you experimented with the four different 
samples of American walnut, you were given the 
key to work by on the stock you are going to finish. 
Again you must be the judge of the number of 
coats of oil the wood will stand before it begins to 
lose its character. On black walnut there are no 
objections to preceding applications of oil. After 
the first coat, eight hours should elapse before an¬ 
other wetting of the raw linseed oil, for in that time 
the wood will absorb all the oil. After the second 
coat a schedule of time should be laid out, increas¬ 
ing the time by four hours, until you are letting 
the stock stand three days in order for the raw oil 
to become oxidized into the wood. When the oil 
has brought the figure and color out, let it stand 
one week and then use steel wool to remove the 
oil that has built up. The stock will then be ready 
for the rottenstone treatment. 

Hottenstone Treatment — The tools used for 
rubbing with rottenstone are simply a piece of felt 
pad which should be fairly soft for fine rubbing 
and hard for coarse rubbing. You may purchase 
this felt in sheets from V\ to 1 inch thick. It is 
sold by the pound and can be cut to suit the job. 
Old felt hats can be cut up, tho this felt is too thin 
for good work. The felt is cut about 3x5 inches 
and tacked at two ends on a block measuring 3x4 
inches. Smaller blocks are also made, measuring 
1x5 inches, to rub around the bead on the cheek 
piece. The felt is turned up at the two ends and 
tacked so the heads of the tacks will not come in 
contact with the surface of the stock when being 
rubbed. 

There are various kinds of rubbing pads on the 
market, but the ones you make, as shown in Figure 
85, will be best for this purpose. The narrow felt 
pad may be glued instead of tacked to the surface 
of the wood. Naturally other things may be used 
for rubbing, such as burlap, curled hair, haircloth, 
etc., but you will find that none are as good as felt 
for this work. 

The proper procedure to follow in rubbing with 
rottenstone and water follows: Make sure that 
the raw linseed oil has oxidized well before any 
rubbing is done. Then place the rottenstone in a 
cigar box or any kind of dish that will be con¬ 
venient. Soak the felt pad in water. Before any 



Fig. 85 

Rubbing pad for polishing a finished slock 


rubbing is done, place the stock between centers on 
the checkering frame, which will enable you to rub 
the entire surface of the stock at will by iust run¬ 
ning it on the centers. Dip the wet felt pad into 
the rottenstone to put a thin coating of dry powder 
on the pad, and begin rubbing the surface with a 
light pressure, gradually increasing it to the degree 
of pressure you can maintain comfortably for a long 
time over the whole surface where straight rubbing 
can be done. Change pads for the beads on the 
cheek piece and also the pistol grip. Rub with, and 
never across, the wood grain; that is, rub in the 
direction in which the wood fibers extend. If you 
rub across the grain, you will scratch the surface 
of the slock so that it will be difficult to remove the 
marks. Rub in fairly long straight strokes—never 
in a circular direction. 

Success in rubbing depends upon doing the work 
thoroughly. Cover every' part of the stock with the 
same pressure; first with coarse felt, then fine felt 
for the final finish. There is no need to count 
strokes, but a little practise will teach you to stop 
rubbing when the required smooth surface is 
reached. 

Rubbing a stock is very much like sanding, for 
it is strenuous labor at best. However, many be¬ 
ginners will work much harder at first than is 
actually necessary. Use your head instead of your 
muscles, and a better job will result with less work. 
The rubbing is a very important part of the work 
on a gun stock, as it adds to the luster or depth of 
the finish. 

Keep a sharp lookout for caking or gumming of 
the felt pad. To avoid this, wash the pad in clean 
water occasionally. The raw linseed oil which is 
not dry will cake on the felt easily. Of course you 
will get some caking from the oil, but not enough 
to hurt very much. There is also an oil and rotten¬ 
stone rubbing which is done on the final completion 
of the oil finish and will be explained later in the 
chapter. 
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Muslin-wheel Treatment of Rubbing — A 

much faster method to produce a very satisfactory 
rottenstone rubbing is done on an 8-inch circular 
muslin wheel. These are sewn from the center to 
the outer edge, so before the application of paste to 
the wheel, the outer circle of stitches should be re¬ 
moved; this lets the muslin spread apart when the 
pressure of the stock is placed against it. Three or 
four of these wheels are used together on one side 
of the electric grinder. A heavy paste is made from 
rottenstone and finishing oil, or rottenstone and 
w'ater. Fill a glass jar with a screw top (a pint 
Mason fruit jar is preferable) half full of rotten¬ 
stone, and mix in the oil until it lias the consistency 
of a very heavy paste. Coat the outer diameter of 
the wheel with this, working it well into the free 
sections of the muslin, and let stand for 24 hours. 
It is not necessary to let it rest on the grinder 
spindle, but on a hook, so that the wheels will be 
in a vertical position. After 24 hours, tighten on 
the grinder spindle and with a clean piece of planed 
flat walnut, start the motor and hold the flat side 
of the wood against the wheel to spread the paste 
evenly. Before the paste is applied to the outer 
surface, see that the wheels run perfectly true, for 
a wheel that runs out very badly will produce an 
uneven surface on the stock. 

The rubbing treatments require time and labor 
to produce a high finish on the surface of the stock, 
but you will be able to produce the same results in 
a very short period of time, not only on the wood 
surface but also on the buffalo-horn tip and pistol- 
grip cap—also on the butt plate if you are using 
buffalo horn. The rottenstone and water are used 
in a similar manner. 

Ail excellent paste for polishing buffalo horn is 
prepared by adding fine rouge powder to finishing- 
stock oil. Mix these together until a very thick 
heavy paste is formed. 'Phis is applied to new 
muslin wheels in the same manner as the rotten¬ 
stone paste and allowed to stand 24 hours. Smooth 
this off with a clean hardwood surface board; when 
used in conjunction with the prepared rottenstone 
wheel to complete the final high polish on the horn, 
the paste must be hardened before use on such 
parts as the tip, grip cap, and butt plate, or any 
other parts where buffalo horn is used. 

Having thus prepared these two wheels and the 
stock, you may begin the rubbing operation on the 
stock. When you rubbed by hand, the pressure 
you applied with the felt pads varied according to 
the method used. Now you have an entirely differ¬ 
ent condition to contend with. With a fast-revolv¬ 
ing wheel, the speed at which the outer surface of 
the wheel passes over the wood is very high. Hold 
the stock at an angle of about 45 degrees; gently 


press the stock against the wheel, working it in a 
vertical direction with rather long sweeps on the 
straight surfaces with the stock held on the under 
side of the wheel center. Continue to pass the 
stock back and forth over the entire surface, always 
working lengthwise with the grain of the wood. 
Around and back of the pistol grip and cheek 
piece, you must follow the contours by applying 
very little pressure. The horn parts may be 
polished in any direction most convenient. 

As you continue over the stock surface you will 
notice a high luster coming out on the wood, but 
great care must be taken that your pressure is even, 
for too much pressure tends to cause a burning 
effect in spots over the wood or buffalo horn. When 
the stock is polished to a finish which is perfect in 
your opinion, place the rouge wheel on the spindle 
and finish the buffalo-horn parts to the highest 
polish. With all this completed, the checkering 
operation is next in line. 

Linseed Oil — The commercial raw linseed 
oil produced in this country is obtained from flax¬ 
seed by steam cooking and hydraulic processes, 
whereas some of the linseed oil from the British 
Isles is obtained by pressing it from the seed. It 
is passed through rollers and crushed. This is not 
a very economical method, but produces the finest 
linseed oil for gun stocks. 

The latter is by far the best when it can be 
procured. The Calcutta raw linseed oil obtained 
from England is the l>cst, providing it does not 
become rancid. The beginner should acquaint him¬ 
self with the characteristics of this oil and its ac¬ 
tions under common circumstances. 

There is no more serviceable finish today than 
that produced by coat after coat of hot linseed 
oil. When the oil is applied hot, it penetrates more 
deeply and makes a more serviceable finish, especi¬ 
ally if you are not particular about figure in the 
wood and intend to subject the arm to hard service, 
let us say in the tropics, where the wood will be 
likely to absorb moisture. The method used to 
prepare such oil for penetration is: 

Formula No. 1 
1 pint raw linsred oil 
Vj pint turpentine 

Heat the oil and turpentine together until they 
reach the boiling point, and apply to the stock with 
a swab as soon as removed from the fire. Oil ap¬ 
plied in this form penetrates deeply into the wood. 
Let it dry for an hour or so, and wipe off any 
excess remaining on the surface. Let the stock 
stand for 24 hours and repeat the process until the 
wood will not absorb any more, and then after each 
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coat rub the surface of the wood with the palm of 
your hand. When the surplus oil is removed after 
one hour, rub until all the oil disappears into the 
wood. Let the stock stand for three days before 
another application. When preparing an oil finish 
such as this, the finishing coats, while applied hot, 
must only be put on very lightly, as the previous 
coats have become oxidized in the wood, and what 
you are now putting on is building up a surface 
finish. The repeated heating of the same oil causes 
it to become very dark and heavy, and toward the 
last finishing application it is very thick, producing 
the results we want. Even tho the wood is dark¬ 
ened, this makes one of the most satisfactory stock 
finishes, for water will not spot the wood, nor will 
heat affect it in any way. 

Boiled Linseed Oil — The pure boiled linseed 
oil is very difficult to obtain and the commercial 
boiled oil which stock makers use is the raw linseed 
oil with a dryer added. For the stock maker s pur¬ 
pose he must prepare his own finishing oil to obtain 
lhe “dull London finish/’ This finish brings out 
the fine figure in wood, and will last for years, but 
it is not so durable a finish as the hot linseed oil 
application previously described. Of course, when 
we use a dull London oil finish we arc after differ¬ 
ent results from that of bringing out the character 
in a finer piece of wood. Naturally, like any other 
oil finish, it can always be restored by a little rub¬ 
bing with the same prepared oil. 

A number of formulas have been used to obtain 
this finish; the most reliable ones are these which I 
have worked out. They suit various conditions in 
the grades of wood, and arc* used to obtain the “dull 
London oil finish.” The term “dull London oil 
finish” has been more or less a means for writers 
to describe an indefinite kind of oil finish, but 90 
per cent of the gunmakers of the world have been 
using other means of producing such a finish on 
their stocks than boiled linseed oil alone or even 
the addition of turpentine. 

The nearest real oil finish that can be given any 
gun stock is the one in which the oil is boiled and 
applied to the wood while hot. The rubbing you 
give it with the palm of your hand is a very im¬ 
portant factor. The best results arc obtained by 
continuous boiling of the same oil; by the time the 
stock is completed, the oil will be darkened so 
greatly and will he so heavy and thick that each 
coat will build up a harder and more durable sur¬ 
face and at the same time destroy all beauty or 
character in the wood. You will find that only a 
few men require such a finish, so you will have to 
produce another that is equal and take a shorter 
period of time. This is: 


Formula No. 2 
32 oz. boiled linseed oil 
4 “ pure* turpentine 
Vi “ alkanrt root 

Buil the alkanet root in the turpentine. Use only 
enough heat to allow the tuq>entine to extract color 
from the root. Let cool and add to the linseed oil. 
Heat these together and allow them to come to the 
simmering point. See that no smoke arises from 
the oil. Let cool. This formula is used on light 
walnut when it is desired to impart a reddish tint 
to the wood. Use the raw linseed oil first to build 
up an oxidizing surface. Discontinue when the 
desired shade of color is reached; then apply this 
formula, using very little of the oil in the palm of 
your hand, and rub well into the surface of the 
wood until dry. After applying as many coats as 
you think advisable, let stand until thoroughly dry. 
There may be a good many of these oil coats, and 
if so, the time required will be from six to eight 
weeks, or even more. Be very careful not to use 
too much oil in the palm of your hand, lor this will 
produce a gummy, uneven surface. If this condi¬ 
tion should exist when completed, use No. 3/0 steel 
wool to remove the surface, and start all over again. 
When the desired finish is obtained, and the oil 
has been built up to a raised and hard condition 
from the surface of the stork and looks well, attach 
a clean piece of felt to the rubbing block and sift 
rottenstone through a cloth bag. Soak the felt in 
sweet oil and then in the sifted rottenstone. Rub 
the surface, using very light pressure on the rub¬ 
bing tool, always in the direction of the grain. 
Continue until a very dull finish appears on the 
surface. Wipe the stock, removing all traces of 
sweet oil and rottenstone, and let stand for three 
days; this may be followed with a treatment of 
Formula No. 5 or 6. 

Formula No. 3 
32 oz. boik-d liiiMX'd oil 

1 oz. spar varnish 
3 oz. turpentine 

200 grains beeswax 
3 tsp. Venire turpentine 

2 oz. burnt umber 

Heat all together, allowing the mixture to come 
to a simmer, or until small beads appear on the 
surface. Let simmer for ten minutes; allow to cool 
and pour in a bottle to be used as needed. 

This formula is used for medium dark woods 
where figure must be retained after the raw lin¬ 
seed oil treatments and rubl>ed down with rotten¬ 
stone, thus preparing the stock for this formula. 
This oil is rubbed into the wood in the same man¬ 
ner as in Formula No. 2, and continued until the 
desired finish is obtained. You will find a different 
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condition existing when you first begin to use the 
oil. The surface of the wood will have a broken 
finish where some of the oil has penetrated and 
partially remained on the surface, but this will 
disappear as each application is given. Two days 
or more should elapse before another rubbing is 
given, and after it has been rubbed it must be 
placed in a warm room free from dust. You wall 
notice how atmospheric conditions cause the oil to 
remain “tacky’’ on damp days. During such 
weather, let the stock remain for a longer period 
before another rubbing takes place. This formula 
brings out a lieautiful finish, and gives the effect of 
looking at the figure of the wood through a glass. 
It is also very durable. Apply the rottenstnne and 
sweet oil as in Formula No. 2. 

Formula No. 4 
32 oz. boiled linseed oil 
3 “ shellac 

3 “ turpentine 

1 “ burnt umber 

200 grains beeswax 

V .2 “ alkanet root 

1 tsp. Venice turpentine 

Heat turpentine and alkanet root together to ex¬ 
tract the color. Do not allow to boil, except to a 
point where the desired extraction is obtained. 
Strain through filtering paper and add other in¬ 
gredients. Boil very slowly for twenty minutes as 
described in previous formulas. 

The oil thus mixed is for very dark Circassian, 
French, or Italian walnuts. The proper number of 
raw linseed applications were given to bring out the 
dark character of the wood. Only one or two coats 
of this oil were probably used to attain such results 
because the figure might have been ruined. An ex¬ 
perienced stock maker can tell when the correct 
number of coats have been applied. In time you 
will know before you ever begin to oil the wood 
just what the wood will require, but the beginner 
must solve such problems himself, and the best and 
only way this can be done is to save scrap pieces 
of wood from the blank you are working on. Finish 
one side as you have your stock; then make one 
application of raw oil to see just what the results 
will be, letting it stand one or two days. The first 
application will give you an idea of just how dark 
the wood is, but the second, third, and fourth may 
kill all figure if it is a finer blank. 

These are the basic formulas used on walnuts of 
the highest grades. On the lighter low-grade blanks 
of European walnut, hot raw linseed oil and tur¬ 
pentine may be used. On the black or American 
walnut of the better grade, the three last formulas 
may be used to obtain the “dull London oil finish.” 
You will find that all mixtures are of a flexible 
nature, and may be applied in a variety of ways 


to a number of woods. The finishes which you will 
obtain from using these formulas are of a lasting 
durable type, and when great care is taken you will 
find that the luster improves with age, and that 
water docs not injure it greatly. 

You will probably wonder why varnish and 
shellac have been added to the boiled linseed oil 
and other ingredients. Very often formulas call fur 
shellac, one of the substances used in a finishing oil, 
tho it does not produce as durable a finish as the 
spar varnish. Shellac may be used as a filler after 
the raw linseed in a number of instances on very 
fine wood. One coat is applied and the surface 
rubbed down with No. 3/0 steel wool; then sanded 
with No. 5/0 and No. 7/0 sandpaper, and then 
with rollenstone. The shellac has completely filled 
the pores of the wood, and when the finishing oil 
is applied, it begins to build up on the surface and 
does not darken the wood any further. Venice 
turpentine is added to the formulas to prevent 
cracking of the varnish or shellac; this is advisable 
when varnish or shellac is used. Alkanet root is 
used to impart a red tint to the oil, very desirable 
when a piece of wood is void of an attractive color. 
Burnt umber is added to give a dull appearance to 
the finish, and at the same time to fill the small 
pores of the wood. If you should wish an excep¬ 
tionally lustrous finish, it is possible to use China- 
wood oil or tung oil, which is obtained from the 
China-berry tree. This oil is a little more expensive 
than the boiled linseed oil and not as desirable to 
use. It is put out by paint manufacturers for 
painting steel office furniture. The China-wood oil, 
to which zinc is added, has a poisonous effect on 
some men’s skin, especially when the cheek comes 
in contact with it; therefore avoid its use. A very 
good polish for a gun stock after you have oiled it 
is made as follows: 

Formula No. 5 
4 oz. boiled linseed oil 
8 “ turpentine 
8 “ beeswax 
1 “ Venice turpentine 

Melt together over a slow fire. A finish in which 
wax is used is not intended for durability, but for 
beauty; nor is it to be recommended for an under¬ 
coating for the last three formulas, as it will not 
wear well. 

Another good stock polish is made as follows: 

Formula No. 6 

1 pint boiled linseed oil 
200 grains gum arabic (dissolved in alcohol) 

1 oz. alkanet root 
200 grains rose pink 
150 c.c. vinegar 

Heat together for one-half hour, but do not al- 
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low the mixture to come to the boiling point; just 
let it simmer gently. To apply this polish, rub a 
small quantity on the slock, and let remain for ten 
hours; then rub it clean with linen cloth. With a 
few such applications you will bring out a very 
superior finish. This is also an excellent polish for 
furniture. There are so many different furniture 
polishes on the market that the beginner must use 
good judgment if he should decide to use one of 
them on a gun stock. If you must us a furniture 
polish for a shellacked or varnished stock you can 
make a very good polish as follows: 

Formula No. 7 
20 oz. raw linseed oil 
2 “ alcohol 
X “ dilute acetic acid 
1 “ solution of ammonium chlorid 
ii “ spirits camphor 
1 “ antimony chlorid 

Add the antimony chlorid to the oil, then the 
camphor and acid, and finally the ammonium 
chlorid. Shake after each addition. 

French Poliah —French polishing consists of 
the repeated rubbing of shellac into the stock, 
using a “rubber” or pad that is slightly coated with 
raw linseed oil, which makes the rubbing easier. 
First, prepare the wood with raw linseed oil until 
you have the correct color or character of the wood 
showing. If you are using a light piece of wood, 
it is far better to stain it first, which operation will 
be explained later. After oiling, the wood filler is 
used, followed by the shellac polish. As shellac is 
affected by cold and dampness, the work requires 
a temperature of not much less than 70 degrees. 
Shellac is rubbed into the wood until it is filled 
and the surface made smooth with a soft polish. 
It is a very beautiful and durable form of stock 
finish. Orange or white shellac is used, and to this 
any desired coloring may be added. 

The “rubber” used is made of clean woolen 
cloth, rolled up into a Lunch. Over this is drawn 
a piece of clean soft muslin, the edges drawn up and 
over the sides of the rubber and lied, thus forming 
a handle to hold while using. For irregular sur¬ 
faces, such as those around the comb, pistol grip, 
and cheek piece, make a smaller rubber in the man¬ 
ner described. They must be perfectly smooth on 
the rubbing surfaces, and free from wrinkles or 
creases. 

When ready to polish, apply a small amount of 
shellac to the face of the rubber, being very careful 
not to get on too much. The idea is to have on 
just enough shellac to cover the given surface. If 
too much is used, it causes a ridged effect, spoiling 
the work; hence, it will be seen that the process 


requires great care and skill. Having applied the 
shellac to the face of the rubber, apply to it also a 
few drops of raw linseed oil, the oil making the 
rubbing easier and smoother. 

Begin rubbing at a certain part of the work and 
rub evenly with very light pressure, working in a 
circular manner until you gradually reach the op¬ 
posite part of the slock. Occasionally, apply a 
drop or two of oil to the rubber. After you once 
start rubbing, keep the rubber in motion until you 
have reached the end of the work; and even then 
3 'ou must not stop abruptly, but gently slide the 
rubber off the work, and so leave no ridge or other 
mark that will have to be removed. This is very 
important. Do not allow your rubber to become 
dry as you rub, but apply a little more shellac and 
oil. After you have rubbed in several coats, a soft 
luster will begin to appear. Each time you apply 
shellac to the pad, rub it in a circular direction in 
the palm of your hand, thus equalizing the shellac 
on the pad. If the muslin covering becomes shiny, 
put on a new covering. 

In case you should be unfortunate enough to 
have rubber marks appear on the surface of the 
slock, remove them by rubbing with the wet rub¬ 
ber, but beginning at a point where you left off 
and working in the reverse direction. 

Place the linseed oil in a saucer if you wish, and 
the shellac in another; however, a bottle is better. 
In removing rubber marks, use a half-dry rubber 
and bear with somewhat greater pressure than when 
rubbing at first. Rubbing too much in one place 
will result in softening the whole body of the polish, 
causing it either to rub up or rub into ridges. If 
the room is too cold or too damp, it will produce a 
milky surface. To remedy this, place the stock 
near a fire, and let the heat act upon it until the 
milky effect disappears. 

Apply only one coat of polish a day, but rub in 
enough coats to form a good film of shellac on the 
surface of the stock. Continue this until you have 
a well-built surface, which may require a week or 
longer to complete. 

Tf the work shows a uniformly even surface, it 
may be “spirited off.” This is done with alcohol 
and the rubber you used to polish with. The op¬ 
eration requires great care, as the alcohol injures 
the polish easily. Pass the rubber, dampened with 
alcohol, lightly and quickly over the surface, being 
careful to use it very sparingly and with constant 
care. This operation removes the oil left on the 
polish, which if not removed would mar the sur¬ 
face by dimming it. After doing this—if the work 
has been done properly—the polish will appear 
bright and beautiful. 

Sometimes it is better to use a new pad of clean 
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muslin over a pad of raw cotton or cheese cloth. 
Again I repeat, Rib with a circular movement. 
French polish is very desirable on shotguns or 
factory-made arms of the better type, and answers 
very well; 90 per cent of the gun owners are far 
better satisfied with it even tho the oil finish is 
superior. 

Violin-varnish Finish — Fossil gum amber is 
the right kind of varnish to produce the violin 
finish so many admire. Of course it is not alto¬ 
gether recommended for gun stocks; yet many 
prefer it, so it is well for the gunsmith to have such 
information as this on hand. The varnish is finely 
colored in various tones or tints, as follows: golden 
yellow, golden amber, golden orange, light golden, 
red, dark ruby red, deep blood red, reddish amber, 
golden brown, and very dark reddish brown. 

Not the wood but the varnish is stained. First, 
the slock is prepared with the usual sanding and 
rullenstone treatments, and a coat of white or very 
pale varnish is rubbed into the pores of the wood. 
This is left for a week, then a second coat of 
varnish is applied. When the second coat has dried 
sufficiently, it is rubbed down either with rotten- 
stone or with pumice and sweet oil, to secure a 
polish. Wipe off very thoroughly. From two to 
five coats of the colored varnish—just enough to 
produce the required depth of color —should be ap¬ 
plied. To do a good job will take about three 
weeks, and a finer job will take longer. The var¬ 
nish dries very slowly, but produces a tough and 
durable finish. The glossary of chemicals and sub¬ 
stances, Volume II, contains a number of coloring 
materials to use in the varnish to produce which¬ 
ever effect you may have chosen. 

Stains and Their Uses — There are two kinds 
of stains used in the staining of wood fur a gun 
stock, and it is well to learn their characteristics 
and the best use you can make of them. They are: 
water-soluble anilin and other coal-tar dye colors; 
chemical stains (acid and alkaline). The uses of 
the former are not well known, even tho the sub¬ 
stances are the more modern for staining wood. 
The chemical-acid slain is more commonly used to 
change the color of woods such as maple, beech, 
birch, cherry, ash, and light walnut. The chemical 
slain penetrates deeper than any other kind. When 
used hot it penetrates deeper than when cold, and 
when the wood, being stained naturally, contains 
some of the same chemicals as constitute the stain, 
it penetrates the wood even deeper. It is well to 
keep in mind that man does not create acids and 
alkalies. The chemist doesn’t create anything; 
he simply separates and concentrates acids anc 


alkalies from other substances. For instance, one 
of the stain chemicals much used is tannic acid. 
It is a chemical concentrated and separated by 
chemists from oak bark and gall nuts, from a 
vegetable substance called tannin. Most lumber 
contains tannic acid, some a larger amount than 
others. Tl is all quite simple and very interesting, 
yet most of us, not being chemists, feel that we 
cannot understand these things. We might profita¬ 
bly understand much more of chemistry, which is 
so interwoven with life that we meet it at every 
turn, if we would but pursue the subject a little 
more. 

The use of chemical stains by the student is a 
little uncertain at first because it is not easy to 
determine how strong to make the solutions to pro¬ 
duce the color wanted. You must test samples of 
the wood to be used in the particular stock, and 
mix these accordingly. After a little experiment¬ 
ing, you are able to measure chemical solutions to 
better advantage before you put them on the sur¬ 
face of the stock. 

The colors produced by chemical stains are the 
most permanent known, usually because they bring 
about natural chemical changes in the wood and 
penetrate deeply. Chemical stains should be mixed 
and stored in glass or earthenware jugs and kept 
corked tightly when not in use. Some mixtures 
destroy tin or other metal containers very quickly. 

When chemical stains are used on hardwoods 
like maple, it is important to apply them uniformly 
over the surface in order to avoid blotched areas of 
color. The chemicals used for staining purposes 
are many and they are used in various combina¬ 
tions, of which there is a list given in the first part 
of (he chapter. I shall mention here only some of 
the colors chemicals will produce on light woods. 

Nitric Acid —This acid diluted with from four to 
six parts of water produces yellow stains. When 
less water is used, the color resulting from it is a 
reddish yellow, depending on the kind of wood. 
When used raw, the color is a reddish brown. 

Tannic Acid —When this acid is diluted with 
water and brushed on a stock, it is the basis of a 
brown stain. The strength of the solution used, of 
course, governs the shade or color. 

Potassium Permanganate —This is one of the 
most useful chemicals for the beginner. It was one 
of the first chemicals I began to experiment with 
to produce a Circassian effect on common walnut 
used on factory arms. It comes in violet crystals 
and is to be dissolved in cold water. The colors 
resulting from its use are beautiful transparent nut- 
browns; when a saturated solution is used, it is 
possible to stripe and zigzag the solution on the 
wood, and when finished you will have an almost 
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unique effect. The stronger the solution, of course, 
the darker the brown color will be. Two coats are 
needed for a very dark stain. Another method I 
have used—before staining the stock—was to cut 
strips of paper out in odd forms in the natural form 
of the grain. These were pasted on the surface of 
the stock, running lengthwise with the grain, and 
the entire stock stained with one or two coats of 
the solution. The strips of paper are used as a 
mask, and also produce a unique effect where they 
have been removed. This method may be used 
when wood is void of figure or character. 

The foregoing are the main chemicals used on 
stock work. Others, such as hydrochloric acid, 
picric acid, sulfuric acid, copper sulfate, potas¬ 
sium chlorate, sulfate of iron, and chlorid of iron, 
all produce different colors, but the formulas most 
useful for the stock maker follow. 

Formula No. S. Stain for Maple 


60 

c.c. 

nitric acid 

200 

c.c. 

distilled water 

10 

c.c. 

tincture ferric chlorid 

50 

grains 

fine steel wool, free from oil 


Put steel wool in a bottle and add the nitric acid, 
which causes a violent reaction. After the acid 
consumes the steel wool, add the oilier ingredients. 
To use, saturate a piece of cotton wilh the acid. 
Rubber gloves must be worn when applying this 
solution. Rub over the entire stock. If the first 
application produces the desired results, have a 
saucer full of strong ammonia (28 per cent gas) 
at hand. Saturate with cotton and rub over the 
entire surface to neutralize the acid. Allow to dry 
and refinish the surface to a light polish with rot- 
tenstone. Then give the stock either an oil or 
French polish. If French polish is to be used, one 
coat of raw linseed oil may be used with more 
satisfactory results. This formula gives a very 
beautiful yellow stain to the wood. 

Formula No. 9. Stain for Maple 
5 c.c. tannic acid 
95 c.c. distilled water 
3 c.c. pyrogallic acid 

Mix and apply the same as Formula No. 8. 
After the wood is dry, use ammonia to bring out 
the brown stains and at the same time neutralize 
the acid. You may find it necessary to vary this 
formula to obtain the desired shade of brown. You 
will learn this by experimenting with sample pieces 
of wood. 

Copper Sulfate —When dissolved in water, it 
makes a stain which colors some woods jet black 
and some gray. The color penetrates deeply and 
is permanent. 

Potassium Chlorate— Dissolved in water, it makes 


a stain which colors some woods jet black and 
some gray, or produces a weathered effect. The 
color is permanent and penetrates deeply. 

1 have only used these last two chemicals to 
experiment with; they are two of the common 
chemicals used in different bluing solutions. A 
student may find uses for them on some classes of 
wood, and it will be well to carry your experiments 
further, perhaps making a formula which will be¬ 
come very useful. 

Formula No. 10. Cherry Stain 

V2 oz. lye (strong) 

4 “ annato 
2 qts. distilled water 

Boil until the annato is dissolved, and add the 
ounce of lye. This formula is used for light- 
colored wood. Brush on while hot, using one or 
more coats and letting each dry before the next 
application. Use finishing treatments as given in 
Formula No. 8. 

Light walnut, or even an expensive blank, may 
be stained a very permanent and beautiful dark 
brown by exposing it to ammonia (28 per cent 
gas) in a closed box or cabinet. Suspend the stock 
in the center of the constructed cabinet or large 
card-board or wooden box, by means of a wire or 
heavy string. Stand saucers filled with ammonia 
in the bottom, close the box airtight, and allow to 
remain ten hours or longer. The fumes of the 
ammonia will change the color of the wood very 
satisfactorily. This method is valuable to know, 
especially if you have completed a carved stock; 
any other method of staining would raise the 
grain in the cuts, which could never be finished 
again. This formula never raises the grain of the 
wood the least bit. 

Varnished Stocks — Varnishing is one of the 
most unsatisfactory methods of finishing any stock, 
and one which I cannot recommend when all these 
other well prepared formulas are given. If you 
want this type of finish, by all means use lacquer. 

Lacquer Finish — This is one of the quickest 
methods known in stock work and can be used on 
the wood after the final rottenstone treatments are 
given, as the wood does not require any filler what¬ 
ever or any other preparation. Lacquer must be 
applied with a sprayer or air brush. Place the 
stock between centers of the checkering frame 
where it will be possible to turn it freely when 
applying the lacquer. There are several brands of 
lacquer on the market, but Du Font’s clear burnish¬ 
ing lacquer is perhaps the best. A stock treated in 
this manner will dry very rapidly and can be used 
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one hour after the coats are blown on; the finish 
will be water-proof. Naturally it looks like a light 
varnish finish, but it is far superior. This finish 
is only recommended when a stock is wanted in a 
hurry. In time it will probably be removed and a 
real finish take its place. 

Removal of Varnish — The beginner will find 
a considerable amount of this work to perform on 
old stocks and stocks on the commercial arms 
which have been shellacked or varnished. Varnish 
is largely composed of vegetable matter, hence it is 
easily attacked and destroyed by an application of 
either alcohol or alkali. Alcohol answers well for 
removing varnish from a stock, but its slow action 
makes it less desirable than other removers on the 
market; these, however, affect the new finish more 
or less, especially a French polish. True, alcohol 
affects the surface of varnish, as any one having 
spilled any on a varnished object knows: but that 
is quite different from eating through the heavy 
varnish on some old stocks; on a shellacked stock 
it is preferred. 

The simplest alkaline remover may be made from 
a pound of sal-soda added to a gallon of water. 
T his may be made stronger if necessary up to the 
point of a saturated solution. Apply freely, and 
while the surface is still wet, rub off with No. 3/0 
steel wool. When finished, rinse, using plenty of 
clean water to remove the alkali. Follow with a 
coating of acid water to neutralize the alkali. 
Wipe dry with a clean, dry cloth, and let the stock 
stand until it is perfectly dry. Vinegar or ammonia 
made in a solution can he used to neutralize the 
alkali and does not have to he washed off, as it 
will do no harm. If the stock should he more or 
less discolored from the acid wash, and is not going 
to be stained, apply a wash of oxalic acid to 
bleach it. 

Ammonia water may also be used for stocks. 
This is preferred to sal-soda as it evaporates and 
leaves nothing to injure the next finish. Also, if 
you should wish to remove old filler out of the 
wood, there is nothing better than ammonia, used 
with a stiff bristle brush. Ammonia is the only 
chemical that can be used on some of the Mann- 
licher stocks to remove the substance they apply 
for a finish. However, it will always be necessary 
to bleach the wood with oxalic acid as previously 
stated. 

You can make a compound of two parts am¬ 
monia and one part turpentine which will, with 
shaking, form a permanent emulsion that can be 
used. When using ammonia, always procure the 
product containing between 26 and 28 per cent 
gas. as the common household ammonia is not suit¬ 


able for such purposes. Nearly all removers sold 
are made from fusel oil or some such spirit bases 
and are highly inflammable. Fusel oil forms 
the basis of ether, guncotton, collodion, and 
banana liquid. It is a rank poison, and should 
be handled only by those familiar with it. It is 
a sure remover, and can be used in a variety of 
ways: for cleaning old paint brushes, removing 
tar, shellac, copal, varnish, lacquers, paint, etc. 
Some may wish to mix such a formula, so here is 
a sample mixture for those who can not secure the 
ready-mixed. 

Fusel Oil Mixture 
•1 oz. benzol 

3 “ fusel oil 
1 “ denatured alcohol 
V* “ camphor 

Mix together, increasing proportion for large 
quantities. 

The commercial removers should be used eco¬ 
nomically to avoid waste. This is the best way 
to use them on a stock: First, coat the surface all 
over with the remover, which is applied with a 
brush. Let it work a little while before trying it 
to see how it is eating into the old finish; if, in 
trying a part, it loosens up readily, it may be re¬ 
moved by scraping it off with an old knife: but if 
it docs not loosen up readily, then apply another 
coat. The idea is to get the old coat soft by satur¬ 
ating it and softening it down to the wood, so that 
it may be easily removed by scraping and using 
No. 3/0 steel wool. After the complete removal 
of any varnish, shellac, or lacquer, the stock must 
be sanded and polished to bring out a high finish 
again. 

Buffing-wheel Polish — We must always de¬ 
vise means to eliminate hard labor, especially on 
stock work. When an electric grinder is included 
in the equipment of the gun shop, this valuable 
addition is a means of cutting down hours of hard 
labor. It can be used not only for grinding, but 
for buffing a stock. The wheels commonly used are 
the 8-inch muslin sewn wheels, the canton-flannel 
sewn and the fine sheepskin wheels. Remove one 
of the emery wheels from either the right or left 
side, then screw the buffs in place. They come in 
thin widths; thus it is necessary to buy from three 
to four sections so that it will be possible to have 
a large surface to work with when it comes to the 
polishing operation. The new wheels arc sewn 
from the center to the outer edge in a spiral. Be¬ 
fore using these, the outer thread must be removed 
so that the layers of cloth can be spread apart when 
pressure is brought against them in the act of 
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polishing. A description was given in the first 
part of the chapter of the wheel as it was used for 
the rottenstone treatment. Now we use it for the 
complete polishing of the oil finishes, and also in 
the treatment of the polishes used after the oil 
finishes have been built up by the buff method. It 
is impossible to eliminate the hand rubbing en¬ 
tirely, but we can produce a finer surface finish 
than we could by applying the rubbing alone. 

Select an oil formula you wish to use: apply the 
first coat in the usual way, rubbing it on with your 
hand, as previously described. Then apply the 
same oil very sparingly to the face of the buff, 
either muslin or canton flannel. Start the motor, 
and with a flat clean hardwood board, gently press 
against the surface of the revolving wheel until the 
oil is evenly distributed over the face of the buffs. 
Let it remain thus for eight hours, and also let the 
stock stand for the same length of time before the 
buffing or polishing operation is begun. Do not 
apply too much pressure on the wheel, but press 
the stock against the fast-revolving surface gently, 
lengthwise to the grain of the wood wherever pos¬ 
sible. Stay away from the checkering, and when 
it is necessary to polish in sections where checker¬ 
ing is used, use the edge of the wheel. At times 
you will find that it is impossible to follow the 
grain lengthwise—around the pistol grip or cheek 
piece, for instance. You must then polish in the 
general direction most practical. He very careful 
when coming up to any sharp edge of a cut-out, 


such as the magazine or receiver section, that you 
do not break the edges of the wood, or come over 
the center of the wheel, allowing it to catch and 
jerk the stock out of your hand, which may injure 
it beyond repair. After completing the polishing 
(your judgment must determine the time), put the 
stock in a dry place for two days and repeat the 
uperation. Do not apply any more oil to the 
buffing wheel, for as a general rule the remaining 
oil in the cloth is sufficient to last about one week 
before any more is needed, and then only a few 
drops will suffice. 

The time required to complete an oil finish by 
this method can not be given, tho it takes less, 
and far better results are produced. After com¬ 
pleting the polishing with cither the muslin or 
canton-flannel buffing wheels, apply the final finish 
with the fine skin wheel with the wool on the outer 
surface. Apply a few drops of the stock polish to 
the surface and gently press stock against the wool 
as the wheel revolves. This brings out a very fine 
luster on the surface. 

The checkering or carving of a stock is always 
done before the finishing oil is applied, and when 
the checkering is finished, one application of raw 
linseed oil is brushed in with a tooth-brush and 
allowed to remain thus for one day before the 
finishing oil is applied. This gives it time to soak 
well into the wood, and no further applications are 
necessary than the one coat of raw linseed oil. 

The finishing of gun stocks is an art in itself. 



Fig. 86 

Beautiful example of the gun maker's art. By V. Chr. Schilling. An obioct of perfection 
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It makes little difference what kind of wood you 
use. Modern methods will develop finishes that are 
truly beautiful, and they call for the complete 
knowledge of the characteristics of the wood you 
are working with. 

It is characteristic of the members of the present 
generation that they must have things placed before 
them in such a complete manner that very little 
effort is required to solve any problem. Stock fin¬ 
ishing is an art of a technical nature, and the 
knowledge to be gained from this chapter only 
touches the surface of the possibilities that may 
arise in the future. I have cited materials and 
methods which produce finishes equal to the pres¬ 
ent-day demands for practical and artistic finishes. 


Nature has not been as kind to some woods as to 
others, just as she has neglected some women and 
heaped her blessings on others. However, she has 
in most cases balanced things in some way, so tha* 
these unfortunate objects have other charms which 
more than make up for their deficiency in beauty. 
We have noticed that many women who are natu¬ 
rally beautiful destroy their natural charm by try¬ 
ing to make themselves even more beautiful with 
the aid of various artifices. It is possible to do this 
same tiling to a beautiful piece of wood. Figure 86 
not only shows artistic beauty in the engraving 
and carving, but also natural beauty in the wood 
itself, as an aid in keeping with the designs on 
the metal parts. 
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CHAPTER X1E 


Checkering, Carving, and Inlays 


B EFORE the amateur attempts to checker a 
new stock, he should diligently practise until 
he feels capable of reproducing as nearly as possi¬ 
ble a perfect execution of design. It will prove 
fascinating, and if you are the type of person who 
takes joy in seeing his hands perform artistically, 
I need say nothing further about constant applica¬ 
tion. Checkering forms a very appropriate means 
of decoration on a gun slock, but its main and 
practical use is to give the hands a better grip. 
It is especially useful when the hands become 
moist from perspiration. The appliances used are 
a cradle to hold the work; checkering tools, which 
consist of border, matting, and beading tools; flat 
chisels, and a three-square needle file. Contained 
in Chapters I and 11 arc descriptions of these 
tools, stands, and frames. 

Checkering is an art of the gunmakcr’s trade re¬ 
quiring the utmost patience, concentration, and 
perseverance to learn. It is much the same as en¬ 
graving, Iho far less complicated. If I have seemed 
discouraging, do not be bothered, for I have ex¬ 
amined many checkering designs executed by stu¬ 
dents that were as fine as professional work; those 
which were good revealed the calm disposition of 
the artists who used deliberation before cutting 
each line. A nervous type of person who tries to 
finish a job in the shortest possible time produces 
failure. 

A well checkered stock should be in harmony 
with the body outlines, and where there are points, 
have points on the opposite end or forearm. Points 
should match on the front end of the design on 
the pistol grip, but at the rear of the checkering 
the border should form a neat curve in line with 
the body curve of the stock. All other lines should 
be made so that a pleasing effect is produced 
throughout. Do not make harsh or broken lines, 
or place radii where they should not be. When 
laying out these lines, gracefully terminate them 
at a point either on top or bottom. Draw a num¬ 
ber of designs out on the drafting board until you 
find one suitable for the stock you intend to 
checker. 

Old stocks which have been discarded, say from 
old military arms, can often be a means of im¬ 


proving your ideas, of which width of checkering 
is the most appropriate. When checkering was 
first placed on a stock the lines were as much as 
3 /8 inch apart or more, which is eight lines to the 
inch. Some had very wide lines, as much as % 
inch apart, with two finer lines, and in the center 
of the diamonds a bead was formed. This type 
of checkering is usually found on muzzle-loading 
shotguns and dueling pistols. The student can 
copy these on a Springfield, Krag or Enfield stock, 
using his own particular methods, even tho the 
design is filed in with a three-square needle file. 1 
would suggest Figure 87 for practise. 

Since the pistol grip is the most difficult part to 
lay out, we shall start with this. Figure 88 illus¬ 
trates various designs; I would suggest No. 1 to 
begin with, for this is the plainer type. When this 
is completely drawn on paper, compare with the 
grip for correct size, and see that all lines are in 
exact proportion. If you are satisfied with the 
design in every detail, paste it on thin cardboard 
or heavy paper and cut out. This pattern may be 
used cither for the right or left side of the pistol 
grip by reversing the pattern. 

Tlace the pattern in position, and with a sharp 
lead pencil make lines all around the outside. 
When you begin laying out this design, the two 
lines which formed the V w r ere constructed so that 
they formed a well proportioned diamond. When 
laying out a diamond, use a center line; the cor¬ 
rect angle is 15 degrees on a side or 30 degrees in¬ 
cluded. This rule is only true on a flat surface, 
so in the design of diamonds for gun stocks we 
must disregard this rule and lay out the diamonds 
so that they will come as near to a sharp point 
as possible in the beginning. When you checker 
around the curved surfaces, the long pointed dia¬ 
mond may be lost and look rather square before 
the checkering is finished. 

For the design laid out in lead pencil, you will 
need either a 12-inch flexible scale or a %-|X%-inch 
piece of finished spring steel, the length being about 
15 inches. This is used to carry out long lines, 
and since it is flexible, it will be possible to carry 
out the lines on a curved surface. With the 
rule, extend the lines out from the V to the bor- 
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der. Mark out the pencil lines with a bent needle 
file or the starting tool which is shown in the set. 
After you become familiar with the three-square 
needle tile, continue its use instead of the starling 
tool, for with it you can make very delicate lines 
and follow sharp curves with less difficulty. When 
the outlines are filed on the sides of the pistol 
grip, you are ready to checker; but before this 
we shall lay out the lines on the forearm, using 
No. 1 design in Figure 89. 

There are a number of different designs to con¬ 
sider, but we must select No. 1 because it matches 
No. 1 on the pistol grip. Measure from top of 
the barrel channel between % and l /> inch accord¬ 
ing to the border you wish to use, and with a pen¬ 
cil, establish the length of design. This must be 
of an equal distance between the fore-end tip and 
magazine tang. For an illustration, let us say that 
you have placed the line ahead of the tang one 
inch; then you will place the forward line one 
inch back from the buffalo-horn tip, and the dis¬ 
tance between will balance the checkering very 
nicely. This rule may be disregarded when special 
designs are used, but it is a convenient way of 
holding the center of the forearm. With the two 
top border lines laid out, establish the bottom cen¬ 
ter line, which must be straight between the tang 
and center of forearm tip. When six points are 
established, three at the rear and three at the front, 
lay out for the diamond, starting from the rear. 
Before doing this, check the difference with dividers 
between the center line on the front and the bor¬ 
der; also at the rear. Since the forearm is tapered, 
the first measurement will be much less than the 
rear, so we must allow for this difference, thereby 
lengthening out the line from the border to the 
forward center, which will be three times the width 
of the diamond. Thus the top line will be ahead 
of the bottom line, which is the difference between 
the front and rear measurement. To come out 
even on the forward point, as you begin to checker 
from the center to the border, length is always lost 
because of the curve of the forearm. To avoid 
this, as you finish up at the front, establish the 


forward points so that they will be neat and even. 

As an illustration for this lay-out, suppose the 
difference between the two centers is 1 inch and 
the length of the design on the forearm is 6 inches; 
to have the diamond come out three to one it is 
necessary to place the first line ahead 4% inches 
on the center, and the line on the border 3 1 /2 
inches. You will find that when the lines are 
crossed and connected, the front V will come out 
evenly. 

Gently tap dental burrs which have been ground 
to a point, or pins, in the centers. Six will be 
required—three at the rear and three at the for¬ 
ward lay-out. Stretch a piece of music wire meas¬ 
uring »/ C4 inch in diameter, or a trifle larger, be¬ 
tween the pins as Figure 90 illustrates. By draw¬ 
ing the wire taut, it will give a true straight line 
over a curved surface. With a very light hammer, 
gently tap the wire and make an impression in the 
wood which may be followed with the bent three- 
square needle file or starting tool. Another method 
often used is to chalk a piece of string, tighten it 
between the pins, and gently tap the siring for an 
impression. The wire is more reliable, for it fol¬ 
lows curves much better than string, and makes a 
truer impression. The flexible scale or rule is used 
for the border and center lines. After the lines 
and borders are laid out, and lines are either filed 
or established with the starting tools, the checker¬ 
ing is begun. 

Practise —Before checkering a new stock, first do 
a considerable amount of practise. When you 
have completed laying out your first simple design 
on the stock, you will be tempted to start checker¬ 
ing immediately; but it will be far wiser to do a 
similar piece of wood, such as the forearm, check¬ 
ering this part first since it is more simple than 
the pistol grip. Form the sample piece of wood 
so that it will be possible to place it between the 
centers in the checkering frame and lay out the 
same lines. Select a wide spacing such as .050, 
.06, .07. .08, .09, and Vs, which give between eight 
and twenty spaces to the inch. The gunsmith will 
have a number of double-spaced checkering tools 



Fig. 90 

Laying out a checkering design. The pins are in position to stretch the wire or string so that master 

lines can be penciled in 
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that produce between sixteen and twenty-eight 
lines to the inch. When the spacings reach above 
twenty-two lines to the inch, great care must be 
exercised to make all lines come out evenly and 
straight. 

You will find that a checkering frame or cradle 
is just as important as the tools; the stock is con¬ 
tinually being turned between center, as it is 
checkered. There are different ways of making a 
checkering cradle, but Figure 26 illustrates the 
correct way. In Chapter II two simple models are 
described. These may be held in the vise; how¬ 
ever, if you do much checkering, the standard 
cradle will be the most convenient. The simpler 
models are made of any 2 x 4-inch wood; they are 
only temporary and can be made very quickly. 
When it is necessary to adjust for distance, remove 
the wing nuts and place the bolt in one or the other 
bored holes. The cradle is set in a convenient 
position in the vise and the stock set between the 
centers. A round piece of wood is made for the 
barrel channel; two wood screws fasten it in place. 
This is the forward center; the rear screw finds a 
place in the butt end of the stock. The two set 
screws should be tightened so that you are just 
able to turn the stock by hand, and so that there 
will be no vibration when the pressure of the tools 
is used. Figure 8, Volume II, illustrates an all-steel 
checkering frame and stand, one of the most im¬ 
proved cradles for this purpose. A full description 
of this accessory is given in Volume II. 

With these preparations made, and with the 
sample test piece between the centers, begin check¬ 
ering. Start from either the center or border line, 
and follow the border line, holding the tool on a 
slight angle so the first row of teeth will set well 
into the line. Continue this cut to the border, and 
as you push the tool forward in the border line, 
work it back and forth as you would a file to 
remove burrs from a thread, but advance about 
one to two inches each time and return to retrace 
the previous impression. Hold the handle in the 
palm of the hand and use the index finger as a 
guide on top. If the eye detects any running off 
from the straight line, let the tool follow the groove 
with the eyes directly behind the work so that it 
will be possible to keep your hands well in front 
of you. It is not necessary to make the grooves 
full depth at first; it will be much better, as a 
beginner, to make these lines only half the depth 
and then come back when the checkering has been 
gone over both ways, and finish to the full depth. 
As the border is neared, work very carefully and 
only come up to the edge of the line. Large 
borders are usually placed on checkering to cover 
up these runovers. The best checkering does not 


have any border except the one-line, ornate type 
which is beaded or carved. 

Now go back to the starting point. You have 
three lines on the wood which the tool made; move 
over one line and leave the other two as guiding 
lines. While the outside row is cutting, the other 
two arc following and finishing; when you become 
experienced you will be able to complete the 
grooves to the full depth and the file will have very 
little to finish. As the tool raises the dust from 
the wood, always keep it blown away by a sudden 
puff of breath, and when one or two lines are fin¬ 
ished, remove the remaining dust with a heavy 
bristle toothbrush. Continue line after line until 
you have completely covered the design in one 
direction. 

On completion, cut the cross lines the same way, 
using even greater care not to pull any of the 
diamonds out. After this is finished, begin over 
to deepen the lines until the diamonds are sharply 
pointed. Make every cut the full length of the 
lines. 'The forward end of the design where the 
checkering ends will be the forward V. These 
lines are dotted on the drawings, which means that 
they are to be finished later; or the lines terminate, 
and for that reason never work these in, but always 
let the checkering do that. If at any time you 
should work from the front, let the checkered lines 
terminate the rear V. When the two ends are laid 
out, the checkering never comes out just right, and 
you find yourself in a discouraging dilemma. It 
may be well then to practise straight lines such as 
Figure 91 shows. 

The guiding of a checkering tool requires much 
practise. As advised before, slightly tilt the tool 
on the first line to follow the border line. After 
the first line is completed, keep the tool straight. 
As the tool is held in the palm of your hand and 
the index finger is on top of the tool, this should 
work in unison with the bone of the index finger 
and the elbow when the tool has a tendency to 
work to one side. These bones are not in a direct 
line with the lines on the design, and when the 
tool is so tilted and begins to ride the sides of the 
groove, it will lie sure to jump over into the next 
line, a line which can never be brought back again. 

The grain of the wood also has much to do with 
straight lines, and at times you will strike a soft 
spot which the tool will have a tendency to follow. 
Care and special attention must be paid to such 
conditions. American walnut is the most difficult 
to control in this respect. Foreign woods are the 
finest to checker, for they are very even in their 
fiber structure. 

Having finished a sample of the design you are 
about to checker, it will be well to experiment on an 
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old stock on which the checkering has been well 
worn off. Even if the diamonds are worn off you 
will still be able to find the outlines. Make a tool 
the same width and retrace the old lines, bringing 
them out sharp again and deepening the borders. 
If they have just the plain V on the ends, place a 
checkered center V out to the end. Always plan 
to put on a little more design if it is plain. Such 
practise will help you gain much valuable ex¬ 
perience. 

Checkering the Forearm — With the experi¬ 
ence you have acquired on the sample piece, it will 
be comparatively easy to checker the new stock. 
Begin with the tool as before, continuing to the 
center. Now that you have become accustomed to 
the handling of the tool, do not become careless, 
but be meticulous in every move. Complete the 
lines in one direction, only passing over the surface 
to half the depth of the tool; then complete the 
cross check in the same manner. 

I believe that it will be well to go into the proper 
performance of tools at this point. A hard wood 
requires tools with sharp cutting edges; not neces¬ 
sarily a keen edge, but just so the wood may be 
removed without tearing softer spots as in Amer¬ 
ican walnut. Tools that are too sharp are just as 
detrimental as dull tools. Tools used for this wood 
alone will perform much better if the cutting edges 
are made with a burnishing effect to scrape instead 
of cut. To have a perfectly sharp checkering tool, 
keep a fine three-cornered oilstone handy to pre¬ 
serve the required cutting edge for the wood you 
are using. When the regular V-tool is used, both 
outside edges are cutting. This type of tool is 
more difficult to use at first, but after sufficient 
practise very good work can be done. The double- 
V tool does the best work, for it guides in two 
lines; while the outside line is cutting, the inside 
line is finishing. A set of checkering tools will last 
a number of years if the proper care is given them. 

With the lines only impressed to half the depth 
and the tools stoned to suit the wood you are 
using, you may complete the cross checkering. Be 
very particular not to have the lines run narrow 
to the border and then die out, for this spoils a 
checkered stock. Straighten out the lines with the 
needle file. 

You will experience considerable difficulty in the 
comers and close to the borders. Do not try to 
use the tool when you come to those places, but 
finish with the bent-needle file. On curved lines, 
do not come too close, but let the file do the finish¬ 
ing, for you can control this much better than 
with a too!. 

Chapter I describes the methods used to bend 


the three-square needle file. If this is used with 
too much pressure, it will snap off at the end, so 
use it very gently as you file out the grooves, 
raising the diamond to a sharp point. File up to 
the border; this was neglected with the tool, so 
you must go back and forth in order to bring the 
diamonds up sharp. Keep the dust well brushed 
out, and if the wood has a fuzzy appearance, use 
No. 3/0 steel wool and brush over the checkering 
to remove this; then brush out with the tooth¬ 
brush. It has often been recommended to use a 
little raw linseed oil when checkering; but never 
place any oil on the stock at this time, for then 
the tools will become clogged, especially the file. 
When it is necessary to use something to hold 
down the fuzzy appearance, use shellac lightly 
brushed into the checkering. If you have com¬ 
pleted the filing and the checkering appears well 
defined, use a small piece of No. 3/0 steel wool, 
and gently brush out the entire design to make 
the diamonds look clean and sharp. 

If you wish to have a border, go around the 
entire edge with the V-tool, and with a thin, wide, 
sharp chisel cut thin shavings on an angle to the 
checkering. Brush out with fine steel wool, and 
see if there have been any points overlooked. 
Finally, give the checkering a coat of raw linseed 
oil, working it in with a stiff-bristle toothbrush. 

Checkering the Grip — There is one point 
which I failed to mention, and that is never to 
checker back of the tang of the receiver. Most 
men use the thumb over the grip, and a checkered 
surface will injure the skin when a number of 
shots are fired. It looks well but is entirely out 
of place, for this must essentially be a smooth 
surface. The border lines can follow the tang 
in about Vic inch on both sides and then start 
down with a graceful curve. The under side of 
the grip is another place where checkering should 
never be unless it is a military stock, for you can 
never connect the lines from right to left; they 
have a tendency to change so greatly around the 
curve that thev would come out round instead 
of lengthwise. Always carry the line from the 
edge of the trigger guard to the edge of the grip 
cap and then bring it in Vic inch on both sides. 
The fine which is drawn from this point just clears 
the tang of the guard or comes near enough for a 
border up to the tang, extending forward to a 
suitable length. 

In checkering a pistol grip, the method of work¬ 
ing the tools is similar to that used on the forearm, 
except, of course, that you will experience more 
difficulty than on the forearm because of the 
curves. The first lines to start arc from the rear 
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of the cap to the receiver—lengthwise lines or 
lengthwise to the grip. The straight lines follow 
the slock lines or grain of the wood. Cut all the 
straight parallel lines back from the V; then cut 
three or four lines crosswise, and complete the 
straight parallel lines. Start the cross-lines after 
completing these. This is where the curved sur¬ 
faces come in, and you will experience some dif¬ 
ficulty in keeping the lines straight and in aline- 
ment because of the curve. At times it is only 
possible to cut three or four lines one way, espe¬ 
cially when the lines come close to the grip cap. 
Change positions first in one direction and then in 
another. Keep the lines free of dust by blowing 
it out with your breath. After you have checkered 
for a while you will do this unconsciously. Watch 
the lines very closely, first from one direction and 
then the other, and constantly keep the tool lined 
up with the eye. Make due allowance for correc¬ 
tions and always keep the lines straight as they 
continue over the curved surface. 

With the three-square needle file bring the dia¬ 


monds up sharply as you did on the forearm. Use 
painstaking care on the border and in the sharp 
corners; bring them to very sharp points, and when 
completed go over the entire design very lightly 
with a small piece of No. 3/0 steel wool. This 
polishes the diamonds and makes them appear 
much sharper. 

Cut out the border as you did on the forearm 
with the thin flat chisel. Finally, rub raw linseed 
oil into the checkering with the toothbrush, and 
allow it to soak into the wood; this will require 
about ten hours. Wipe off any surplus oil which 
may run over the surface. After ten hours, apply 
another light coat of oil—also on the forearm. Do 
not allow any of the oil to build up in the checker¬ 
ing, for it is rather difficult to remove when once 
hardened. Two or three coats of oil are sufficient. 
Then the final finishing takes place. 

Border Design — A well designed border on 
checkering is a suggestion which adds the complete 
finishing touch to the sharp V-points. There are 
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only two tools required for this work, the matting 
and round beading tools. Figure 92 will give the 
beginner various ideas for borders. The supply of 
designs may be worked out in various ways; they 
may be made very elaborate, far superior to carv¬ 
ing on a gun stock, and more in keeping with a 
checkering design. Carving is a beautiful way of 
expressing artistic ability, but it is more or less 
overdone on some German arms. The beaded and 
matted borders are a form of design completely 
appropriate for checkering. 

From among the designs we shall select No. 4 
in Figure 89 for the forearm. The regular method 
of laying out the design is followed, except that we 
will allow for the wider border, which may be Z ir , 
inch or larger, according to the heading tool used; 
but no larger than % inch, for a beaded border 
which is any larger lends to throw the design out 
uf all proportion. The smaller you can make the 
border, the neater the finish will appear. 

The matted border along the V’s on the front 
and rear of the checkering must not be any wider 
than % inch and no narrower than inch. One- 
fourth inch is about right and shows up very well 
with the beaded border. This pattern, when added 
to the V on the pistol grip, should be followed out 
the same as on the forearm or it will throw the 
design out of balance. The matted border is given 
only in the front V, which you have followed on 
the forearm, but the beaded border is placed 
around the entire design. 

The demonstration of such border designs on 
any stock will prove their object even among the 
most skeptical of critics, for it shows without a 
doubt that it completes something which is lacking 
on the checkering design. When a plain border is 
added, it lacks the finishing touches. It is far 
better to have only the one border line around the 
complete design, and at the extreme points use the 
Via or % 2 inch diameter beading tools to place 
one indentation, which is a circle. This looks as 
Iho the points ended at a given distance instead 
of running out to a plain unfinished point. Figure 
92 illustrates parts of borders. The student may 
practise on sample pieces to form some idea of 
what possibilities may be worked out to suit his 
fancies. 

The borders should be laid out to the proper 
width with the dividers so that the lines will be 
an equal distance from the lay-out lines. With a 
flexible scale cutting the centers of the dividers’ 
marks, draw a line parallel with the laid-out V, 
using a soft lead pencil; then either file or cut 
these in with the starting tool. The double paral¬ 
lel lines may be matted after all checkering is com¬ 
pleted. Figures 93 and 139 illustrate these tools. 


The matting tools for wood are a little different 
from those for steel. When filing their points, file 
rather deeply and not as closely together, bringing 
the points up very sharp; when completed, the 
tools look as tho a series of needles had been set 
in the top. Two tools are made on a square, rather 
large, and one is pointed on each end in order to 




make the extremely sharp V’s or corners. While 
making the malting tools, you may also turn up 
the beading tools, which are turned from drill rod. 
The extreme end of the angle is the diameter of 
the tool and the cupped-out center must be very 
shallow but on a true radius. They are tapped 
slightly with the hammer, and the bead which is 
formed in the wood comes even with the surface; 
the outside edges slightly cut the wood, and make 
a clean, sharp, round mark. 

Harden both the matting and beading tools and 
draw the temper to a dark blue. When using the 
matting tool, it is held in the left hand between 
the thumb and index finger, the little finger resting 
on the stock. Keep the tool oft* the surface about 
one-fourth inch. Tap the tool with short, fast, 
sudden blows. The spring effect given by the little 
finger keeps the tool away from the work, and the 
index ringer and thumb are used not only to hold 
this tool, hut to give it a slight turn, first in one 
direction and then in the other. Move over a 
considerable amount of surface at one time, and 
then go back over the same section until you have 
a well matted surface. Wood treated in this man¬ 


ner appears polished in spots, and the matted parts 
are very dark, a condition caused by the fine serra¬ 
tions of the needle-like points of the matting tool. 
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Fig. 94 

Julia Thornoly checkering the pistol grip of a finished stock. She is now a qrandmother of S8 years, and has boon 

in the employment of the Remington Arms Company for 53 years 


Unless the beading tool is tapped very lightly, it 
will go too deep below the surface. When beads 
follow each other in rotation, they should connect 
and not overlap; therefore, when forming chains of 
beads, always work the tool away from you so 
that you can sec the edge at all times and can be 
positive that the tool always passes the edge of the 
bead just made. With the beading tools in steps, 
you may use the largest one and so on down until 
you have a chain. Start again with the large one 
and continue to the smallest, or you may use the 
largest one three times and the next the same until 
the smallest is used, in a series of threes. There 
are such a number of border designs that I could 
continue with an endless chain of suggestions. 
They are very simple to work out, and the student 
can pass many hours decorating sample pieces of 
wood, either hard or soft, until he becomes accus¬ 
tomed to the methods. 

Checkered Butt Plates and Caps — Checker¬ 
ing on butt plates and pistol-grip caps forms an 


added attraction and is a utility as well—on butt 
plates; pistol-grip caps are much better if left 
plain, tho the taste of checkering is often carried 
to such parts. Figure 95 illustrates checkering 
designs on butt plates and pistol-grip caps. The 
butt plates shown am be made either of buffalo 
horn or of steel. Some designs may be checkered 
in the wood itself; others can have a skeleton plate 
fitted and checkering placed on the exposed wood. 
This type of plate looks very well and may be 
used if recoil is not too severe. Checkering placed 
on the buffalo-horn plates can often be carried out 
in other designs than those shown here—also upon 
steel plates. These designs will give the reader 
suggestions for his own particular taste which he 
may change if he has a better understanding of 
scrolls anu geometrical figures. The checkering 
shown on the pistol-grip caps may he used on 
specially-made buffalo-horn caps. It can also be 
placed on metal caps with a vertical attachment 
set upon the milling machine and the cap fastened 
on the rotary attachment or in the vise. By setting 
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the vertical lead at a 45-degree angle and using a 
small end mill, perfect checkering will be produced. 

Matted Surface in Place of Checkering — 

This method of placing a rough surface on the 
forearm and pistol grip is a very satisfactory way 
of eliminating a lot of extra work, and is, of course, 
more rapid than checkering. There is a consider¬ 
able amount of surface to cover with the small 
matting tool, but as you will do this in sections it 
is surprizing how short a time it takes. 

Lay out for the border as previously described. 
If you are using a plain border or just tlie original 
lay-out lines, mat up to these lines, and if you 
wish a beaded border, make provision for it. The 
beaded borders make a very artistic finish for the 
matted surface. When you lay these designs out 
of paper, choose a pattern which will be in keeping 
with the matted surface. This class of work is 
better for the student to practise on at first than 
checkering, for it is very simple to apply to any 
stock. 

If you should own a factory arm of any descrip¬ 
tion, you can use this method in place of checker¬ 
ing, constructing a border in keeping with the 
general outlines of the stock. Nearly all factory 
arms are void of checkering; with a shellac finish 
it is possible to file out the borders and mat over 
the shellac surface very lightly, pounding it into 
the wood. When completed, apply a coat of raw 
linseed oil to darken the space that was worked 
on. The contrast between matting and shellac 
counteracts the plain appearance of Ihe gun and 
produces a novel effect. Refer to Figure 103 for 
the effect of matting. 

Carving — This branch of the gunmaker’s trade 
is seldom used except in the rare cases when a 
customer wishes such work. The leaf, flower, ani¬ 
mal, Gothic, or any nature-study design applied to 
a stock seems rather inappropriate. The plain 
chip design such as Figure 92 shows is more in 
keeping with a well designed stock but is rather 
difficult to execute. In the past, I have had two 
wood carvers work for me; 1 was greatly interested 
in their ingenuity and artistic ability, and particu¬ 
larly in their complete sets of carving chisels and 
other tools in their possession. 

I shall presume that the student is anxious to 
learn this branch of decoration, and make practical 
use of it, not only on gun stocks, but on other 
wood work. The first consideration will be to pro¬ 
cure a set of carvers’ tools, which consist for the 
most part of chisels and gouges of different shapes 
and sizes. The number required may be from 
six to forty or fifty for the more intricate designs. 


Chisels and gouges are to be had from y i6 to 1 
inch wide with curves or ‘ sweeps” in sizes gradu¬ 
ated from a semicircle to a curve which is almost 
flat. 

The beginner, however, need not possess more 
than from twelve to twenty-four and may make a 
start with even fewer. It is far better to learn to 
use a few tools before purchasing a full set. A tool 
of a known description is sought for and purchased 
with a knowledge of its advantage until the com¬ 
plete set is obtained. I would suggest that you 
study the J. B. Addis & Sons catalog for a very 
good selection. A description of all the different 
kinds would fill a large chapter. 

Along with the tools you should procure a set 
of fine stones to keep the chisels and gouges to a 
razor edge. As Chapter I contains all this infor¬ 
mation, I shall assume that the student has already 
taken care of such a selection of stones. These 
tools are like all other wood-working tools when 
first purchased: they are ground but not honed or 
stropped. 

If the beginner, through lack of opportunities 
for practise, does not wish to spoil a new stock, I 
would suggest that he find encouragement in the 
fact that he can never exhaust the interest afforded 
by this art in its infinite suggestion to the imagina¬ 
tion and fancy. He may reasonably hope to gain 
enough experience with the tools to enable him to 
execute with his hands every idea which has a 
definite existence in his mind. Thus, in time the 
student may gradually work out for himself a nat¬ 
ural and reliable method of expressing his thoughts. 
The scope of experience is very limited on stock 
work, but other fields are open to such work. 
There is in this direction a life’s work for any 
student who aims at finding the bearings of his 
own gift; at the same time he can keep himself 
free to follow out the gun work which his thoughts 
dictate. As a suggestion, practise on Figure 96. 

The first step is to lay out your design on 
transfer paper and pencil it into the wood. If you 
should be working on the forearm, measure the 
rounded surface with a tape, both front and rear, 
in the space you wish the design to occupy; then 
subtract for the border on each side. Lay out the 
design on the transfer paper and place it in posi¬ 
tion, first chalking the surface of the wood and 
then penciling the design in. 

The first surprize which awaits the beginner and 
one which will open his eyes to a whole series of 
restraints in the freedom of his operations, lies in 
the discovery that wood has a decided grain fiber. 
You experienced this to some extent before, but 
now it comes in a very different manner, for you 
are only removing shallow cuts and your tools do 
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not seem to be handled as you had pictured in the 
design. Even tho your tools are sharp, they will 
refuse to cut straight here, chipping off the wood, 
and by the time the piece is about finished and 
you are able to know the grain or fiber of the wood, 
a good many cut-outs are placed where they should 
never have been. 

Suppose you have selected No. I in Figure 92 
for your carving. It is very much like a checker¬ 
ing design. This is a test of endurance, and as an 
experimental effect with carving tools, repeat the 
same-shaped diamonds until you have filled the 
entire space of the lay-out you have made for the 
forearm. All this work is done with thin flat 
chisels; by the time you have completed it, you 
will begin to understand and appreciate one of 
the fundamental qualities which go toward the 
making of a carver, namely, patience. You will 
have produced a thing which may give you pleas¬ 
ant surprizes and elicit very natural admiration 
from your friends. 

By the time you have completed the forearm 
you may have changed your mind about the pistol 
grip; however, you must carry out the same design, 
so your patience will be doubly tested. Patterns 
such as these can be drawn and laid out on your 
stock instead of using the transfer paper, but when 
using a leaf pattern or any other form of nature 
design, you will notice in carving pattern No. 1 
that the corner of your chisel will do most of the 
work. At the same time, it will suit the different 
angles at the bottom of the holes. Each chip 
should come out with a clean cut; but to insure 
this, the downward cuts should be made first, 
forming the raised diagonal lines. 

When you have successfully carved this pattern, 
Nos. 2, 3, and 4 may be done also. Introduce a 
very moderate amount of variety by using these on 
different stocks, and incorporate leafage or some¬ 
thing of a nature that will be appropriate for a 
stock. When the student wishes to go further in 
the subject of carving, he should secure books on 
this subject, for I have only touched the surface as 
applied to a gun stock. Wood carving is a fasci¬ 
nating and interesting form of art, but a little out 
of place on a gun stock unless properly restrained. 

Inlays, Shields, and Ovals — In the past 
two hundred years, various forms of ornamentation 
have been placed on stocks wherever the notion 
suggested; some on the sides of the butt stock, 
some on the sides of the pistol grip, and others 
back of the tang, along the sides and underneath 
the forearm. Today we have different conceptions 
of artistic requirements; we follow out lines of 
simplicity, and do not observe the old tradition of 


misplaced artistic temperament. Not that we do 
not have this among us today—some of the so- 
called greatest creations of present-day art are a 
disgrace to modern civilization. 

Inlays form a means of further adding individ¬ 
ual expression to a stock, provided they are so 
placed that they will not conflict with the general 
outlines of the design. Shields and ovals have 
only one purpose—that of the owner’s monogram 
or initials—and should only be placed either on 
the bottom of the stock, half-way between the 
pistol-grip cap and toe or about IV 2 to 2 inches 
from the heel on the top of the stock. 

The only metals which these should be made 
of are gold or silver. Gold should be between ten 
and fourteen carat, and pure silver about .04 inch 
in thickness. Figure 95 illustrates different shapes 
and forms of these to be made up and then formed 
to the contour of the stock at the place in which 
they are to be located. Two long tacks are sol¬ 
dered to the back about % inch from the top and 
bottom and are used to anchor the shields or ovals 
into place. Glue is used for this purpose when 
they are fitted into place. When fitting in a mono¬ 
gram plate, first straighten out the tack from the 
body and place it over the spot where you wish to 
insert it. Gently press the points into the wood 
and with a Vfr inc h drill bore two holes just the 
depth of these tacks. 

Set the shield in place and with a sharp scriber 
mark a line around the outside and carve this out. 
Great care must be exercised so that there will be 
no openings between the wood and metal; it should 
be only deep enough so that it will stand up above 
the wood about .005, which allows enough to be 
filed and polished down to the surface of the stock. 
The very narrow carvers' chisels are used to set 
these in place, and lampblack is used to secure the 
bearing surfaces so that you will not take any more 
wood out than necessary. When it is down in 
place wipe off all the lampblack and with pliers 
turn a small hook up on the end of the tack and 
glue in place with heavy hot glue. Place a clamp 
over the shield or oval and let it stand for twenty- 
four hours. 

Before clamping, carve out a piece of wood of 
the same contour as the shield and stock, for if 
you should only use a piece of flat wood for this 
purpose, you are liable to have a flat spot on the 
top of the shield which can never be removed. 
When it is polished and the stock is completely 
oiled, you may have your local jeweler engrave 
your monogram or initials in the metal very 
artistically. 

Inlays are so placed that they will counteract 
the plain appearance of a gun stock according to 
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Fig. 97 

Caliber .22 "Hornet 1 ' rifle made by Westley Richards of Birmingham, England. A fine example of the gunmaker's art 


the taste or fancy of the owner. This type of orna¬ 
mentation is by no means of modern origin; its 
development may be traced to a source in our early 
history of arms, in which we see very elaborate 
inlays of gold, silver, and ivory on arms of the 
nobility. This form of decoration is interesting 
and beautiful; however, we must carry out such 
art in a modern way, critically and with modern 
tools. It is a form of art which demands little 
save precision and patient application. There are 
only three materials available which may be used 
appropriately: ivory, buffalo horn, or ebony. The 
contrast of ivory offset with either buffalo horn or 
ebony is very attractive and softens the glare of 
the plain white ivory against the wood. 

Another form of inlay is obtained with burls or 
knots taken from beautiful wood such as Circas¬ 
sian mahogany, Satinee, Italian and American wal¬ 
nut, yew, etc. They should be cut out to run true 
to the grain of the wood, and as nature never forms 
things in straight lines ait out your patterns as 
Figure 98 illustrates. 

The main object of cutting these out in such 
forms is that when they are fitted into the surface 
of the wood you are less able to detect where they 
have been placed. They should be cut out so 
that the nature of growth in the tree is on an 
uneven line following lines of nature. An inlay 
in the form of a square, oblong, or diamond is very 
obvious, but this type deceives the eye, even tho 
you place a dozen of such inlays on one side of 
the stock. To inlay these knots or burls success¬ 
fully, cut them out, allowing a slight taper to the 
piece. Lay one over the section in which you wish 
to insert it, and with a sharp scriber, mark the 
entire outline. Remove the center with a Forstner 
bit to a depth between and % inch and remove 
the wood up to these lines, using the small carving 
chisels. Care and precision must be used to cut 
out every sharp corner. 

Continue to try the inlay until it will just enter; 
then remove the wood on the sides so that the inlay 
is about % inch from the bottom, which will allow 
enough for a driving fit to the bottom, and the 


slight taper will completely fill and wedge the inlay 
to the sides when glued. After the inlay is fitted, 
glue and clamp in place, and let stand for twenty- 
four hours. Finish flush with the surface of the 
stock, and if well done it will be difficult, even for 
yourself, to see where it has been placed. 

You have already discovered by practise that 
wood has a grain which sets bounds to the possi¬ 
bilities of technique. You have yet to learn that 
it has also an inordinate capacity for swallowing 
light. Now, as it is by the aid of light that we see 
the results of our labor, it follows that we should 
do everything in our power to take full advantage 
of that helpful agency. When setting in an inlay, 
place it in such a position that light will have the 
proper effect. 

It is obvious that work on the proper inlays, 
applied to the proper place, when it cannot be 
seen is only so much labor thrown away. There 
is approximately a slight relative distance from 
which to view and determine the location of these 
inlays, aside from the fact that one may be used 
to fill a bad spot or may be so located as to add 
beauty to a piece of wood lacking in that respect. 
But what, you will say, has all this to do with 
copying the infinite variety of nature’s details? 
Surely it cannot be wrong to imitate what is really 
beautiful in itself. You will find the best answer 
to this in the technical difficulties of your task. 
I have only laid out six of these odd forms, but you 
can lay out a hundred and yet never use the 
same one. 

Figure 99 illustrates twelve modern designs of 
inlays, using ivory, ebony, or buffalo horn, which 
forms a contrasting color of black and white. We 
have in this discovery a clue to the meaning of 
the word “conventional”; it means that a partic¬ 
ular method has been “agreed upon” as the best 
fitted for its purpose, for inlays in stock design. 
Not that experience had really anything to do with 
the invention of this method. Strange to say, my 
earliest efforts in placing these inlays were based 
upon a diamond, so temptation arose to see the 
effects of ivory on the outside and ebony or buffalo 
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horn for the inside. The results were very pleas¬ 
ing. Temptation arose in various directions, and 
I experimented further with various designs and 
effects. I have only given twelve, hut the student 
may lay out an endless number to suit his fancies. 
The sizes of these may be varied to suit any 
condition. 

No. 1 in Figure 99 is the plain ivory which is 
generally placed half way in a buffalo-horn fore¬ 
end tip and the wood. One may be placed on each 
side or just one on the bottom. The addition of 
the ivory in the buffalo horn produces a very- 
pleasing effect. No. 11 is the diamond which is 


placed in the forearm at the proper location for 
the sling-swivel eye to go through; ivory is again 
used. Xos. 2, 3, 5, 6, 7, 10, and 12 are used for 
the under side of the butt stock. No. 7, 8, 10, or 
12 is always set. half-way between the pistol-grip 
cap and the toe; No. 2, 3, 5, or 6 may be placed 
back of the pistol-grip cap, making a very pleasing 
effect, as these always have the ivory on the outside 
and either buffalo horn or ebony for the centers. 
Nos. 4 and 9 are often used in the centers of the 
checkering design on the forearm at the bottom. 

No. 4 may be used on each side of the forearm 
if much checkering is used, but No. 9 is always 




Fig. 98 

Typical method of cutting out patches for insertions in wood where bad places 

occur 





196 


THE MODERN GUNSMITH 




10 u 

Fig. 99 

Design suggestions for inlays in gun stocks 



used in the center at the bottom. No. 8 may be 
placed about P /2 inches back from the heel on the 
top of the stock, which offsets the plain appear¬ 
ance between the heel and comb. Round ivory 
plugs arc often used in the buffalo-horn tip on the 
end and are placed in at an angle of 45 degrees. 
The end rounded at the bottom adds just enough 
difference to the horn to make it pleasing to the 
eye when placed in a gun cabinet. 


When setting in the oblong inlays, the cut-outs 
are always made first in the stock either on a drill 
press or milling machine. Chapter IV describes 
some details of the set-ups for this work and also 
how to cut out the centers. The unusually formed 
inlays are always made first, laid on the stock, 
marked off with a scriber, and then set in. Use as 
much care as you did with the natural inlays, 
cutting out the wood in the neighborhood of a 
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delicate passage. Take time to cut the wood out 
mouse-like in small fragments. The depth of all 
these inlays should be about % inch. Always 
make them with a slight taper so that when they 
are clamped in place the edges will have a perfect 
joint between the wood and inlay. 

The center sections are made on a slight taper 
and placed in at a depth of Ym inch from the 
bottom, so when milling these centers always leave 
a thin wall at the bottom to give the outside 
strength; then they will not split or crack when 
clamped in place. When these inlays are com¬ 
pletely fitted, glue the center sections together with 
the outside in place, and clamp. Let stand for 
twenty-four hours, then finish flush with the sur¬ 
face of the stock. 

Inlays should be placed in a stock after the first 
or second sanding takes place; after they are cut 
down to the surface, they are finished off just as 
you have done other finishing operations. 

Throughout this chapter I have placed before 
the student ideas to work to from the checkering 
and borders to the inlays. As you know, the 
human imagination loves surprizes and never 
wholly forgives the artist who fails to administer 
a pleasant shock. I have invited you to come 
forward and execute or duplicate this same work 
in order to see what a pleasant shock is in store 
for your own imagination. You will probably be 


able to elaborate upon my ideas, tor I have only 
laid the foundation. I do not encourage the copy¬ 
ing of inlays or even some of the medieval designs 
to be seen on very old arms simply because they 
appeal to you. We must remember that these 
designs are symbolic of their time just as volumi¬ 
nous skirts and powdered wigs were. 

After you have completed one or two stocks and 
thoroughly understand and appreciate the value 
of decoration, when designing any future details, 
arrange every subject with a view to reflecting 
your design as much as possible. 

The chapter from the selection of woods to this 
must be understood very thoroughly, for as yet you 
have not begun tn feel the extraordinary difficulty 
of making up your mind to just what you want in 
a gun stock. Meantime, T do not want you to run 
away with the impression that when you have 
mastered the principles of slocks and their design, 
all is learned. Until you have completed all that 
is necessary in order to turn out stock after stock 
with the ease of a laborer throwing shovel after 
shovel full of earth from a sand bank, you will 
find by experience, I think, that stock making has 
great possibilities and hard set rules. You may be 
counseled as to the best and most practical mode 
of expressing your ideas, but those thoughts and 
inventions must come from yourself if they are to 
be worth having. 
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N O DOUBT the very ambitious amateur will 
wish to accomplish the more advanced work 
of a complete new stock, and this he can do from 
the fine outlines seen in photographs of some of 
the custom-made arms of British gunmakers or of 
our best workmen over here. One must hesitate 
at restocking a rifle or a shotgun until he has 
gained the necessary experience in the use of tools. 
He will then have the requisite confidence in him¬ 
self. The remodeling of some of the old military 
arms such as the 45-70 model of 1873, the Krag 
models of 1894, 1896, or 1898, the present Spring- 
field model 1903 or Enfield model 1917 in military 
and sporting stocks will furnish you with a means 
of acquiring that experience. Most factory stocks 
are good subjects to work over to your own ideas 
of stock design and fit. There are also many shot¬ 
guns which do not come up to expectations; per¬ 
haps you own such a one. The raising of the 
comb, the lengthening or shortening of the stock, 
and alteration on the forearm will provide excel¬ 
lent practise with tools, and the improved handling 
and appearance will surprize you, not only by 
what you have accomplished but by the new ideas 
it has brought to your mind. 

The Sporter — The Springfield “Sporter” model 
1903 is an example of a stock which can be shaped 
up to much more graceful outlines. In fact the 
stock is purposely made unduly oversize so that it 
may be reduced proportionately. The Springfield 
.22 caliber has the same stock as the caliber .30 
“Sporter/’ so you have two different rifles amen¬ 
able to the same improvement. If you should, in 
experimentation, happen to spoil one of these 
stocks, you can obtain another from the D. C. M. 
for five dollars. 

The first thing to do in this remodeling is to 
remove all metal parts: the barrel and action, butt 
plate, and rear sling swivel. To use a rubber recoil 
pad, buffalo-horn butt plate, or light steel butt 
plate, plug the present screw holes by fitting 
therein round wooden plugs and gluing them in 
place. I always fit a black walnut patch in the 
swivel cut-out and match the wood in color and 
grain as nearly as possible. I then use a standard 


stock-swivel bow in its place; this looks far better 
ilian the military Springfield swivel. Fit the piece 
of walnut very closely and it will hardly be per¬ 
ceptible when completed. While the glue is hot, 
remove the small keeper pin in front of the front 
swivel, cut two small wooden plugs for this hole, 
and glue these in. These plugs will be cut, not 
with the grain of the wood, but crosswise, and 
inserted grain with grain. 

The two stock reinforcing bolts can also be re¬ 
moved and both sides counterbored to a larger 
diameter and from % to %•> inch deeper. The 
same amount will have to he cut from the end of 
the screw, the ends re-threaded and placed back 
into position. Walnut plugs can then be glued in 
place over the bolt head and nut. This operation 
does away with the unsightly appearance of the 
metal on the sides of the stock. When all the 
gluing is completed, fit the new pistol-grip cap. 
The cap can be made of aluminum, bronze, buf¬ 
falo horn, ivory, red or black fiber, or any other 
attractive material. Buffalo horn is the best of all. 
After the cap is fitted close to the front edge of 
the pistol grip and screwed up tightly, fit what¬ 
ever butt plate you wish. The present butt plate 
on the rifle is far too heavy. Your main object 
will be to cut down all excessive weight whenever 
possible. I find that a buffalo-horn butt plate is 
much better in appearance, and being light it will 
enable you, by varying the thickness, to make the 
stock to the proper length. 

When fitting the butt plate, the pitch or angle 
of butt to the horizontal of the gun must be taken 
into consideration. If you are a heavy-set person 
with a full chest, you will require considerable 
pitch. We had best designate this by the amount 
the front sight recedes from a vertical plane when 
the gun stands on its butt. This, in your case, 
would be from 4 to 7 inches. For a thin per¬ 
son the pitch as received, of 3 to 3 3 /£ inches, 
is correct. When fitting the butt plate you can 
also get a little cast-off or swing to right in the 
stock—inch will be enough. 

A recoil pad will be a great help to those who 
are at all sensitive to recoil and to anyone who 
uses a rifle in a hot climate, where one frequently 
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shoots without a coat. There are two objections 
to rubber recoil pads; they add weight, and they 
sometimes prevent quick aiming by clinging to the 
coat. If you cover the face with finely finished 
leather, and cement this securely in place, it will 
eliminate the friction of the rubber. A recoil pad 
is the neatest means of increasing stock length, 
providing you are not above the average in height 
and length of arm. It is very seldom necessary 
to lengthen the sporting stock by gluing a piece to 
the end together with a recoil pad. When the 
recoil pad is placed on a sporting Springfield stock 
it lengthens it to about 14% inches. This length, 
when you take into consideration your hunting 
coat, is too long for comfortable shooting. A little 
too short rather than a little too long is a good 
rule to follow. 

The drop from line of sight on the “Sporter” 
stock is just about right for the average person, 
and it is never necessary to build up the comb or 
heel. However, you can give the stock more drop 
by extending the toe and gluing a piece of walnut 
from the pistol grip to the butt plate. This makes 
it possible to drop the butt and still hold the 
length of butt plate to 5% inches. 

After this important work is completed you may 
proceed to shape the stock to new outlines. If a 
rubber recoil pad has been used, sand it down until 
you have removed at least / 1G inch from each side 
of the butt stock. The same should be done with 
a buffalo-horn butt plate and with the shotgun 
type of butt plate. You have loo much wood and 
it must be reduced to the size of the butt plate. 

The spoke-shave will now come into play to 
remove the surplus wood on the stock along the 
sides of the action and around pistol grip and 
forearm. As to the end of the forearm you may 
either round this up to the barrel as the British 


gunmakers do or work a “schnabel” on the end 
similar to some of the factory stocks. Make the 
undercuts at the comb, similar to some of the 
better shotgun stocks, if you so desire. This will 
also give better lines to the hand-hold and a better 
place for one’s right thumb. 

After the stock is completed the next step is to 
get proper balance. This consists of boring out 
the butt stock in order to reduce or add weight. 
Boring out the butt stock must be done with care, 
using a wood bit small enough not to come to the 
surface as the stock area gets smaller. A series of 
three or four holes may be bored and you will be 
surprized to see what an amount of wood can be 
removed reducing the weight and bringing the rifle 
into better balance. 

The stock will now be ready for smoothing 
and polishing. I refer you to Chapter XII for a 
complete description of these processes. Well 
placed and executed checkering will complete the 
work. 

Krag and Springfield Service Stocks — An 

example of attaching combs and pistol grips on a 
Krag stock is shown in Figure 100. Since wc have 
mentioned the Krag or Model 1898 Springfield 
rifle we will describe in detail the course of work 
required to put a service stock in the same class 
as a sporting stock, completed with pistol grip and 
raised comb. The Springfield model 1903 service 
and the Krag are alike in the butt stock, so what¬ 
ever work is intended on the Springfield may be 
duplicated on the Krag. There are many Krag 
rifles in the hands of the American public, as these 
rifles are now obsolete in government service. It 
is necessary to do considerable work on this type 
of rifle to make it into a sporting arm, but when 
it is completed you have one of the best bolt-action 
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rifles that can be owned. It has only been a short 
time since I changed my opinion of these rifles, 
for when I was at the Arsenal, the Springfield 
model 1903 was my favorite. At that time the 
Springfield had become the standard arm and the 
Krag only a standby. After the government sup¬ 
ply of Krags became exhausted in 1931 and these 
rifles were out of reach, I began to see them as of 
some value, not because of the smooth working of 
the bolt, but because of the handiness of the maga¬ 
zine. In the future, the Krag rifle will be more 
highly appreciated and will always remain one of 
the most popular big-game rifles. 

The Attaching of Combs and Grips — Figure 
100 illustrates the proper cut-out for the insertion 
of a comb and for a pistol grip upon a service 
stock, together with the correct method of length¬ 
ening one of these stocks when necessary. The 
drawing will show what may be done in the way 
of reshaping these butt stocks to obtain any desired 
shape and dimension. The dotted lines show the 
original shape of the stock, while the heavy lines 
show its shape after remodeling. The thin full- 
length lines show where the saw cuts will be made 
and the pieces of walnut inserted. Match these in 
color and grain to the wood in the original stock. 
The first cut is made in the upper side of the grip 
between % and 1 inch ahead of the comb of the 
original stock. This cut is marked deep enough 
so that when the piece is finished to the proper 
outlines, the comb will not come out too thin. 

With a small tenon-saw or hack-saw, start Vis 
of an inch inside the line you have scribed from 
the butt end to the first cut made ahead of the 
comb. Having removed this section, plane your 
insert perfectly straight on the bottom surface and 
cut the ends to the correct angle so that it will 
dovetail into its position ahead of the comb. 
When you cut this insert allow enough in height 
and width to give you excess wood for finishing 
to the dimensions you require. Work down the 
surface with a sharp chisel to a perfect plane in 
all directions. Work it slowly down to a fit, test¬ 
ing it constantly until it is impossible to see any 
light in the joint. Now rub blue chalk on the 
surface of the piece to be fitted, and spot the two 
surfaces together by rubbing back and forth 
slightly. With a file remove the high spots left by 
the chalk. Continue this until both surfaces are 
in perfect contact with each other. Make sure 
that the two angles fit perfectly. From the piece 
you are fitting remove all traces of the chalk with 
a damp cloth and you are ready to glue it securely 
in place. The question has often been asked me if 
these pieces should be doweled. No, l do not find 


it necessary to use dowels on perfectly glued 
joints. Use the best grade of hide glue, freshly 
made and applied hot. 

It is necessary to work very fast when gluing 
wood together. Coat both surfaces with the hot 
glue, and instantly clamp. Hold firmly together 
with a couple of cabinet-maker “C” clamps. 
Tighten the clamps so that all surplus glue is 
squeezed out between the joints. Always have 
your clamps opened to the exact size before apply¬ 
ing the glue, as instant contact is necessary. At 
the ends of the insert, where end wood meets end 
wood, it is a good practise to size with very thin 
glue (sizing is your glue thinned down with hot 
water), letting this soak in before applying the 
glue. This prevents entire absorption. 

For the pistol grip, saw the cut-out at an angle 
of about 20 degrees from the straight surface of the 
stock. This cut should be deep enough so that it 
is possible to make a full close grip. The common 
mistake is to cut this out too shallow, making it a 
narrow grip when completed. The original stocks 
on the service and Krag rifles are made of a walnut 
which is not very strong, and it is, moreover, ma¬ 
terially weakened by these inserts; hence I have 
found that the best practise is to put in three dowels 
as shown in the drawing. This will eliminate any 
possible chance of the stock breaking. I have found 
that it makes no difference how well the inserts fit: 
unless there are dowels there is a possibility of 
these stocks splitting from the recoil. 

Your insertion will be a block of walnut, cut so 
that the grain runs well in line with the grain in the 
stock. Plane off the side you are fitting to the 
bottom of the stock to a perfect surface. The front 
angle of 20 degrees is to be laid from this surface 
and the back angle should be 10 degrees off from 
the side and 20 degrees on an angle from the flat 
surface. The 10 degrees makes it possible to fit in 
the block, giving it a wedge effect; at the same 
time you are able to secure perfect joints at the 
bottom and on the ends. 

Having made the insert, lay this piece over the 
part where the cut is to be made and mark with a 
knife blade, allowing Vs inch or more on the front 
and rear ends, for fitting the angles correctly. Trim 
out the wood with a wide flat chisel to the proper 
depth on a scribed straight line. Use a scale or 
make a straight edge from a piece of hard wood. 
Begin to fit in the block, cutting down the angles 
until the block goes in at least three-fourths of the 
way. Coat the surface of the block and the dove¬ 
tails with blue chalk. Start the block back again to 
find the high spots, and remove these with a sharp 
flat chisel. Continue until the block has a perfect 
bearing, both on the flat surface and angles. Use 
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the pressure of your hands only to fit the block; for 
if you use any other means you will split the wood 
near the trigger guard. Make the blocks at least 
one inch over the width required, so that you will 
have V 2 inch over on each side of the stock when 
fitted. You will now bore two %-inch holes for 
dowels as shown on the drawing and glue them in 
position. Place the dowels so that they will rein¬ 
force the stock at the points where it is liable to 
split. Let stand for four or six hours and trim off 
the dowels flush with the surface of the cut-out. 
You are now ready to glue in the insert. After 
clamping let stand between 24 and 36 hours. 

The third reinforcing dowel is bored in at an 
angle starting from the inside of the trigger guard, 
using a %-inch bit and boring well up in the stock. 
Glue and let stand between four and eight hours. 
Trim to the original lines of the guard. The draw¬ 
ing shows this location so placed on the angle as to 
take any shock that the two straight dowels will 
not stand. 

The next stage is to determine the correct length 
of the stock. The service stock measures only 12% 
inches from front of trigger to end of butt plate. 
'Phis will be found too short, so if you wish to fit a 
metal or buffalo-horn butt plate you will find it 
necessary to glue a piece of walnut on the end to 
lengthen it. Select a section of walnut to match 
the grain in the stock. The stock must be cut off 
at least % inch to get to a place where the oil has 
not penetrated, as glue will not adhere where oil is 
present. Get perfect contact between the stock and 
the piece to be fitted, using the piece as a master to 
spot to the face of the slock. Glue and clamp in 
place, remembering the preliminary “sizing.” Let 
stand for 24 hours. Either dowels or substantial 
wood screws will be necessary for good security. 

If a recoil pad is used this will lengthen the stock 
to the required length for the average person, which 
is 13% inches. When one of these pads will not 
lengthen the stock sufficiently, liners of black rub¬ 
ber can be built up under the recoil pad; these are 
not at all unsightly. 

In working the stock to shape, the first step will 
be to mark off the drop from line of sight at comb 
and heel. Then on the top of the stock draw' a 
center line from comb to heel. Check the stock for 
the required pitch while the rifle is assembled. 
After the end is cut off and a flat surface filed for 
the butt plate, scribe a line from the center estab¬ 
lished at the heel down to the toe. Now if you 
should desire a little cast-off, carry this line to the 
right % inch. That w'ould be about all the cast-off 
you could get on such a stock. Attach the butt 
plate, allowing a drop at the heel of between 3 and 
3% inches. 


At the comb I always leave room for the bolt to 
just clear; this gives a drop of l 7 /$ inches when 
using aperture sights. You will notice on all my 
stocks that I give a Monte Carlo effect with a drop 
of 2% to 2% inches, starting with 2% inches drop 
at a place about two inches from the butt plate. 
Of course we have made the required drop at the 
heel, so we shape the top to these measurements, 
for the reason that in trying out the gun we can 
always reduce the Monte Carlo until the stock fits 
perfectly. Some do not require this additional 
height, but nearly everyone requires a drop between 
2% and 3% inches when the gun is brought up to 
firing position. 

If you are tall, long-armed, and have a long neck, 
you will require a straighter stock. The Monte 
Carlo effect is an advantage together with having 
the butt plate come well down on your shoulder. 
Such a build requires a cheek rest as well as a 
straight stock, and not a great amount of pitch. A 
long stock is very advantageous in deliberate shoot¬ 
ing, but for moving game and when one is dressed 
in winter clothes, a shorter stock will be better. A 
cast-off of 3 /,o to inch brings the gun more 
naturally to the eye. 

A stocky person with a short neck, short arms, 
and a full chest will require less drop at the heel, 
and for this purpose you can also reduce the drop 
of the Monte Carlo. With the Monte Carlo such a 
person does not require a cheek rest, but a full 
comb and stock. 

It is better that the stock be full where it comes 
against the cheek as it gives more support to the 
gun. You will notice that I have given a measure¬ 
ment of between 3% and 4 inches on different 
drawings from the top of the comb to the front 
edge of the pistol grip, and a length between 2% 
and 3 inches back of the pistol grip from the comb, 
and also a measurement between 3 and 4 inches 
back to the pistol grip from the trigger to the edge 
of the pistol grip. Carry a measurement between 
3 and 4 inches back to the pistol grip from the 
trigger to the edge of the pistol grip. Now carry a 
measurement of 1% inches from the edge of the 
pistol grip back to the 2% to 3-inch line. This 
gives you the angle of the pistol grip. Saw out to 
the lines thus made and place the pistol-grip cap in 
position at the edge of the front line, which is the 
distance from the center trigger to the edge of 
pistol grip. You may now start to rough down the 
wood to the pistol-grip cap, working to the edge to 
get the final shape of the pistol grip. 

A great mistake the amateur makes in his first 
attempt is to undercut too great an amount of wood 
on the grip in front of the comb; the second mis¬ 
take is to continue the shaping of the form of the 
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grip cap up to the comb. The beginner should 
study the photographs of various designs of stocks 
in the subsequent chapters and notice that the line 
of the pistol grip only continues a short distance 
upward along the pistol grip. This is to maintain 
a well-proportioned outline to the under side of the 
butt stock. The undercuts at the comb are also 
made for better outlines, and a cut-out on the right 
side for a thumb rest. 

After having roughed down the insertions, mount 
the stock to your shoulder with the action and bar¬ 
rel screwed in place, in order to see just how the 
stock fits. Generally the comb will be found too 
high clear back to the raise of the Monte Carlo 
effect. Continue to reduce this without cutting the 
point of the comb away, for you have the proper 
height at that point. Continue to reduce the wood 
until you find when you bring the stock up to your 
cheek that the sight comes in perfect alinement on 
the object you are aiming at. 

The fore-end of the stock has not yet been men¬ 
tioned, so we shall do a considerable amount of 


filed or cut out with a dovetail at each end. A piece 
of walnut is now fitted into the slot thus made and 
glued into place. After allowing the glue to stand 
for the required length of time it is finished Hush 
with the outside. The inside must also be formed 
to the proper contour. After sanding and oiling, 
the guard is given straight lines over the sighting 
plane, a standard checkering tool being used for 
this purpose. These hand-guards could be moulded 
from hard rubber, but since there is such a very 
limited demand it does not pay to have a mould 
made. Personally I do not care for the hand-guard 
left on, for one can secure better outlines by leaving 
it off. Then you can round up the edges of the 
forearm from the receiver to the end of the stock 
and so do away with the flat surface of the forearm 
along the barrel. 

After doing all this you arc ready to set the 
stock, sand it down to a smooth finish, and complete 
the finishing. 

Figure 101 gives a completed Krag rifle, showing 
the insertion of the top piece and pistol grip, also 



Fig. 101 

Model 1896 Krag rifle worked oyer by Dr. M. D. Stepp: the graceful outlines are suitable for a 

one-piece stock 


work on this after deciding what is needed, such as 
proper length, filling in the barrel channel, and the 
finger channels if they are to have pieces inlaid. 
You may either round the end in the English style 
or with a “schnabei.” Of course it is necessary to 
cut the stock off about 2Vo inches ahead of the 
present front swivel and then to glue in a piece of 
walnut in the relief cut so that there will be no 
opening at the end. On the Krag stock it is not 
necessary to have any insertion for the barrel, as 
these stocks fit very well to the wood. The only 
thing you need to do is to fill in the small cut-outs 
made for the top hand-guard springs. If you want 
to leave the top hand-guard on and only fill in the 
cut-out where the sight comes through, all well and 
good; this is altogether up to the person who is 
going to use the rifle. These are so thin that a 
form is first made of wood and two C-clamps are 
used to hold each end down. The opening is then 


the stock lengthened and the forearm end rounded 
as made by an amateur from these directions which 
he carefully followed. T here were some very small 
openings between the joints which arc not pro¬ 
nounced in the photograph, but they scarcely 
showed after the stock was oiled and checkered. 
Such perfect fits can he made on flat surfaces so 
that when completed you can hardly notice a line. 
Notice how well the forearm is shaped; an outline 
not to be improved upon by a professional. Great 
credit must be given a person who is able to achieve 
such fine results the first time. 

He who first attempts such an operation as this 
on a Krag or Springfield service stock has one im¬ 
portant thing to remember—to follow all details 
and instructions given. Go slowly and watch every 
move you make so that mistakes will not creep in. 
Of course if an opening in the joints should show 
up when you shape the stock you can always resort 
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to a “dutchman," taking a piece of walnut, sharpen¬ 
ing it into a wedge, and gluing it in place; but this 
is only an expedient and will remain to tell you of 
your blunder. Experience is our best teacher. If 
it is possible for the beginner to accomplish such a 
perfect specimen of inlay work as shown in Figure 
101, what can one who is more familiar with the use 
of wood-working tools perform? All this fine work 
was done with the very limited equipment of a 
hack-saw, a bastard file, a wide butt chisel, a jack¬ 
knife, and sandpaper. 


out a piece to match the wood in the stock so that 
the grain will match and run in the same direction. 
Channel out the insert so that it will overlap at 
least l /2 inch on the right-hand side of the comb. 
Work down the block until you have a fair fit; 
then coat the surface of the stock with blue chalk 
and gently rub the cheek piece in the exact posi¬ 
tion it is to have. If it is impossible to obtain any 
movement of the piece, gently tap it so that the 
chalk marks will show on the block. Continue to 
work down these high spots until a true bearing is 



The applied cheek piece. 


Fig. 102 

When set in place successfully it appears as tho integral with tho stock 


Cheek Pieces — Figure 102 shows a very suc¬ 
cessful method of attaching a cheek piece. This 
method is particularly useful when the comb is 
rather low and a person does not wish to go to the 
expense of having a new stock made. Such an ad¬ 
dition glued in place on an old stock answers the 
purpose very satisfactorily and should not show any 
lines. You will remember that it is necessary to get 
under the oil or varnish finish in order to have the 
glue effective. Cut into the stock so that you ob¬ 
tain a true surface on the top and sides. Then cut 


secured. Take a damp rag and clean off the chalk. 
While the wood is wet. glue it into position and 
clamp. Let this stand 24 hours before shaping to 
the desired outlines. 

A cheek piece can be placed on any stock, either 
rifie or shotgun, by first cutting out the cheek piece 
to the proper form from a piece of walnut, having 
the grain run lengthwise with the wood in the stock, 
or by using a beautiful contrasting burl and inlay¬ 
ing this. Having secured the proper lines, place the 
piece in position on the stock and scribe around it 



Fig. 103 

Insertion of cheek piece 





STOCK SURGERY 


207 


very carefully with a sharp scriber, then cut out the 
seat in the stock for the cheek piece to lie in. Re¬ 
move just a little more wood at the top edge than 
at the lower edge of the seat. Spot the cheek piece 
on the flat surface with chalk, as before described, 
and glue into position. Clamp well and let stand 
24 hours. Then shape the surface until it con¬ 
forms to your face. I always hollow out my cheek 
pieces where the cheek rests; this is far more com¬ 
fortable than a straight flat surface. When such a 
cheek piece is made you can not see any joint 
except along the top edge of the comb. 

Figure 103 will show the method of fitting this 
cheek piece. I have also dovetailed cheek pieces 
into position when raising the comb, but this is a 
rather difficult operation to perform, and the other 
method is the best general practise. 

The student may do considerable trap shooting 
and desire a Monte Carlo comb on his shotgun. 
This can be done in the same manner as shown in 
the photograph in Figure 104, but the effect should 


breaks the monotony of them and adds a touch of 
style. 

Refinishing — Any stock having an oil or var¬ 
nish finish must be completely refinished. A 
varnished stock, if it is to be changed to an oil fin¬ 
ish. must have all the varnish removed, and must 
be finely sanded and built up with repeated appli¬ 
cations of oil. An oil-finished stock is very desir¬ 
able, as its surface can be constantly renewed and 
scratches obliterated. Chapter XII gives full in¬ 
struction for the finishing of stocks; this applies 
to old stocks as well as new. 

When you alter or cut down a varnished stock, 
you will be forced to refinish it completely. Rub¬ 
bing over the fresh spot with shellac or varnish 
makes a very poor job. Always prepare the stock 
for a new finish and you will be far better satisfied 
with the results. 

Ideas on Patches and Insertions — Usually 



Fig. 104 

Parker 12-gauge shotgun. The stock has been lengthened and the comb raised. Note the perfectly glued joints and 

how well the wood is matched 


be carried well back and the overhanging part al¬ 
lowed to extend down Yz inch or more on the right- 
hand side. Spot it in the same manner as given for 
the rifle, glue into position, clamp, and let stand 24 
hours. Then shape to the outlines required; on 
completion the joint should not be noticeable. This 
method of attaching Monte Carlo combs proves 
very successful on factory-made arms such as the 
Winchester models 97 and 12, Remington model 10, 
and Browning automatic. You do not weaken the 
stocks by this method as you would if you should 
make an insertion, for most of these guns have a 
bolt running lengthwise through the stocks to 
hold them to the action. 

The shaping of cheek pieces such as these de¬ 
scribed must be done in an artistic manner or their 
appearance will be unattractive. A rounded bead 
raised about % inch from the butt-stock outlines 


when a person gets the notion to lengthen a stock, 
his first idea will be to build it up with layers of 
leather, hard rubber, red or black fiber, ebony, 
different-colored woods, etc. These may be glued 
on in layers, and when completed they look quite 
well. But this is the rankest kind of patching and 
should be avoided if possible. When it is possible 
to secure a well-matched piece of wood to lengthen 
a stock, by all means use it, for if it is well jointed 
it is hardly noticeable. Black rubber or buffalo 
horn are the only butt-plate materials which give 
a stock the real touch of good taste. 

You will sometimes hear of hollowing out a piece 
of wood for a pistol grip and gluing this in position 
on the under side of the stock. This is a very poor 
method. First, it is an impossibility to retain the 
inescapable feather edges of the sides without their 
showing, and secondly it makes a very weak joint. 
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Such ideas are contrary to the laws of woodworking 
and should never be attempted. 

You will find a number of stocks with pieces 
broken off the toe because the grain of the wood is 
short at that point. This can be remedied by cut¬ 
ting the stock back about two inches from the end 
of the butt plate and fitting in a metal patch a little 
wider than the stock. Drill and countersink for 
two wood screws and file to the outlines of the 
stock. Case-harden this together with the screws 
and you have a neater job than with a piece of 
wood glued in place. 

When plugging holes rendered necessary in the 
repairs to broken stocks where screws are used to 
tighten the break, it is necessary to select wood to 
match the wood in the original stock, and to turn 
it with the side grain exposed. These plugs are 
easily made by marking them out with a pair of 
compasses at a spot in your board which resembles 
the wood surrounding the hole to be filled. Cut this 
out in a square with your saw, then to an octagon 
with a sharp chisel from the square; a little filing 
will bring it to a fit. Make your plug slightly 
tapering so that it wedges tighter as you drive it in. 
Wood is elastic in a measure and the microscopic 
accuracy demanded of metal is not required. These 
plugs can be made on your lathe, but they will take 
longer and be no better. 

When swivels or screws are removed from butt 
stocks and the holes exposed to be plugged or in- 
layed, it is best to drill out the hole and then 
counterbore to a depth which will hold the inlay 
and at the same time be large enough in diameter 
so that it will look well when finished. Materials 
for such operations are either buffalo horn or ivory. 
If you want to accomplish more by means of an 
artistic inlay you can cut out a piece of buffalo horn 
or ivory in a diamond shape or any other balanced 
form that will look well, and set these by gluing 
them in position. You may obtain a very attrac¬ 
tive color contrast by using ivory outside with the 
wood and buffalo horn in the center. Chapter 
XIII describes such methods. 

Sometimes a shotgun owner, having a gun with 
some form of pistol grip, wishes a “straight grip” 
instead. This has always seemed to me a logical 
desire. 

In British practise the “straight hand” is stand¬ 
ard in field shotguns; half pistol grips being 
confined to heavy duck guns, and full pistol grips 
to rifles. With two triggers a pistol grip is really 
an anomaly, for if it is right for (me trigger it musl 
be wrong for the other. A straight grip, however, 
affords an easy shift for each trigger and further¬ 
more gives a racy outline to a light gun which adds 
much to its beauty. This wished-for change is not 


always an easy one, so one must study the possi¬ 
bilities carefully before attempting it. 

After you have made a thorough survey of the 
stock and found it possible to eliminate the grip, 
you will find it quite easy to make the actual altera¬ 
tions. Saw off the grip and use either a spoke-shave 
or cabinet rasp to remove the wood to lines de¬ 
sired. Care must he taken not to cut into the 
checkering any more than absolutely necessary. 
When this operation is completed it will be neces¬ 
sary to refinish the entire stock. You will have to 
straighten the trigger guard—this is only soft steel 
on most guns—but on some of the better grades the 
guards may have been case-hardened. When this 
has been done it is best to anneal the piece before 
straightening the guard, as you are liable otherwise 
to break it in the screw holes. When straightening 
the guard use a lead or rawhide mallet, resting the 
guard on a lead block or a piece of end wood. 
When proper shape is obtained screw the guard 
into the trigger plate and inlet into the stock. 
When rechcckcring, carry the design well back until 
it meets in a center line drawn down from the end 
of the tang back to a converging point. It is 
usually better to remove all the checkering on such 
a job and place on a new design rather than try to 
follow the old checkering, as the removal of the 
pistol grip brings your lines to a wrong position to 
look well when carried out again. 

Reshaping Forearms — Forearms can be 
shaped to any desired form, particularly the mili¬ 
tary forearm for sporting use. This is generally 
easy, for the reason that there is plenty of extra 
wood to work on. The different kinds of forearms 
and tips are given in Chapter X and the stu¬ 
dent may work out any shape he desires, as long 
as it is within reason. 

One often objects to the hand or finger grooves 
along the sides of the military stock. It is an easy 
matter to inlay a patch by cutting the grooves out 
square and about inch deep, and gluing the 
patch in position. Of course you will match the 
wood in the stock. Taper the inlay slightly on 
the sides and ends, so it will tighten into place. The 
inlay should be just a neat driving fit without any 
openings on the sides or ends. Glue into position, 
clamp and let stand 24 hours. 

Many make the mistake, when cutting off a fore¬ 
arm on the service stocks, of cutting it just ahead 
of the sling swivel. This is done in order to have 
solid wood left where the web of the relieving cuts 
in. It would be much better to have about 3 inches 
ahead of the sling swivel. Glue a large enough 
piece into the exposed opening so that it will be 
possible to shape this into a neat forearm tip. 
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Broken Stocks — Repairs to broken stocks will 
tax the ingenuity of the beginner; you will have a 
number of such jobs come to your notice, all of 
which will be different. It is not generally prac¬ 
tical to attempt these repairs. Shotguns are the 
most liable to have their stocks broken, particularly 
the cheaper grades, where the seasoning of the wood 
has been hurried and the wood made brash. You 
will sometimes find that the tang has imbedded 
itself from the recoil, and by a wedging effect has 
opened the stock and forced it to spread apart or 
loose from the action. This is an easy break to re¬ 
pair, for all that is necessary is to remove the stock 
from the action, spread the break apart, run hot 
glue into the crack and clamp tight, either in a vise 
or suitable wooden clamps. When completely dry. 
drill and counterbore through the solid sections of 
the stock and insert a 10 x 32 fillister-head machine 
screw with nut and washer. Counterbore deep 
enough so that it is possible to fill in both sides 
with a walnut plug, and glue in position. 

Whenever it is possible to get two screws through 
a broken stock, it tends to strengthen it ever so 
much more. I have made repairs such as this to 
trap guns, and after a lapse of years they were 
stronger than the original stock. Some are not so 
easy to repair, particularly a shotgun stock that has 
been completely broken off by a bad fall. I had a 
Westley Richards gun come in with the stock 
broken off in front of the comb and splintered out 
very badly. It was a hammer gun with side locks; 
the wood was broken even back into the lock cav¬ 
ities. 1 gave the job up as hopeless and explained 
the situation to the owner, but he was willing to 
pay more for the repairs than the cost of a new 
stock. When I began to collect the splinters after 
removing all the metal, I found it was a hard 
matter to match these up on the sides; but the 
main break was comparatively easy to force to¬ 
gether. After having clamped it securely in place, 
1 ran a % 0 -inch drill from the trigger-guard cut¬ 
out on an angle back into the comb. Into this I 
drove a hickory dowel and applied hot glue into 
the ragged edges of the break and clamped tight. 
I now had the stock together so it was possible to 
fit some of the larger splinters in the sides. This 
operation was not so easy, for these did not fit very 
well and it was necessary to make new splinters and 
glue them in position as best I could. This re¬ 
quired a number of days to do, but still I had 
several bad openings which could only be covered 
with a brass plate fitted to each side. So I formed 
the plates and then cut out the stock so these would 
just come flush with the wood. I then drilled the 
left-hand plate and used this as a templet, drilling 
through the wood to the other plate. Having se¬ 


cured the centers on the right-hand plate, I drilled 
this and lapped it for an 8/40 screw. I then coun¬ 
tersunk the left-hand plate and turned and threaded 
screws from a brass rod. When I had everything 
ready I applied melted cement to the cut-out for 
the plates and put these in position with the screws, 
drawing the plates tightly together. This I let 
stand for 24 hours, and then cut off the rods and 
the projecting screws on the opposite side. After 
filing down the screws and plates and polishing 
these I damaskeened the surface and then lac¬ 
quered them. Such jobs are unusual, but you can 
see that it is possible to accomplish the almost im¬ 
possible when necessary. This stock was actually 
stronger than the original stock. 

When bolt-action rifle stocks break through the 
grip it is better to make a new stock, for these are 
broken because of an improper selection of wood, 
the grain at this point not running in the right 
direction. If a stock splits back of the tang of the 
receiver, or if you notice the least indication of a 
split beginning, remove the action and relieve at 
this point, say inch of wood or more. Then 
further damage will be avoided. This condition is 
caused by incorrect inletting of the action, not hav¬ 
ing fitted the recoil shoulder tightly enough against 
that point in the wood, and not relieving the radius 
enough at the end of tang. I had a model 1898 
Krag sent in to test and target which showed a 
small check about l /z inch long running down from 
the tang. Not thinking anything about this, I 
started to fire the rifle. On the third shot the stock 
split straight back over one inch into the comb. 
It thus became necessary for me to repair this 
before any further testing could be made, unfor¬ 
tunately at my own expense. 

A grip broken naturally calls for a new stock. 
Of course it can be repaired to give further service 
for a time, but the recoil will sooner or later break 
it apart again. However, by coating the broken 
surfaces with hot glue, and clamping together with 
all the pressure possible on the clamp, letting stand 
for at least 36 hours, then drilling from the receiver 
and guard and gluing in two hickory dowels 
together with brass plates as outlined in the West- 
ley Richards shotgun, you can get a repair that will 
prove as strong as the original stock. I do not 
recommend it, however. 

If a split in a high-power rifle stock is due to the 
tang of the receiver forcing itself into the stock, first 
repair the break, then look for the cause and remove 
it. I have found that attaching a shim firmly at 
the recoil shoulder together with a heavy coating of 
liquid glue, then screwing the action and guard to¬ 
gether, and forcing the glue to fill in all the cavities 
at the recoil shoulder will make a much better joint. 
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Before applying the heavy glue, cut off the recoil 
shoulder just a little with a wide chisel to remove 
the oily surface so that the dry wood is exposed in 
its original state. Score the surface lightly so that 
the glue will be able to attach itself better to the 
wood. 

When stocks show splits lengthwise they can be 
permanently repaired by forcing the break apart 
and introducing hot glue in the hreak. The crack 
must be forced apart carefully, so that you do not 
bruise the edges. Also take care not to lose any of 
the splinters that may come out. These should be 
kept in position, their ends left attached if possible, 
and must be coated all over with glue and worked 
back into their respective places before the clamps 
are applied. 

Perfect contact and tight clamping are the secrets 
of well glued joints. Merely “pressing the parts in 
place 1 ’ as you may have been often told, or binding 
with twine, will not do. Get plenty of pressure on 
them and let stand for a day or two. 

Removal of Dents — Stocks which have been 
badly marred by an accident can often be brought 
back to their original condition by careful treat¬ 
ment. Examine the places to see if they are dents 
or nicks. If no wood was removed and they are 
dents, they can easily be removed by raising the 
grain again to the surface. Heat a flat-iron hot, 
wet a piece of heavy cloth, and lay over the dent. 
Take the hot iron and rub it over the cloth. Keep 
the cloth wet so that steam will form underneath. 
Repeat this until the dent is raised to the surface of 
the wood. This method will raise very large and 
deep dents. Most furniture factories use a steam 
jet on the dent, but the method outlined here will 
prove very successful. Deep gouges or scratches 
require complete sanding down around the point of 
the nick or scratch. 

Steaming out a dent by either method will not 
hurt an oil-finished appearance except at the place 
where the dent has been removed. This you will 
sand with 7/0 sandpaper and re-oil until the fin¬ 
ished appearance is returned. A varnished stock 
will naturally be ruined by the above method, so 
this will be a good time to remove all the varnish 
and give the stock an oil finish—provided, of course, 
the walnut has a good enough figure. If it is a soft 
plain piece of wood and the firearm does not receive 


very hard treatment it will be best to restore the 
varnish finish. 

If a stock receives a very deep gouge which re¬ 
moves the wood, as by cutting on the edge of a 
sharp object, steaming will never again raise the 
wood to the surface. Shallow scratches can easily 
be removed by sandpaper and then the spot rctin- 
ished. A really bad gouge can be tilled with gun- 
maker’s shellac. This you can make from the 
recipe given in Chapter XXV. Apply a piece of the 
gum and with a warm iron melt it into place so 
that the spot will be well filled, first warming the 
wood in the proximity to be sure of good adhesion. 
Let it remain until cold and solid, and then rub 
down to the original finish. Another method of 
filling in bad gouges on stocks is (o get. fine wood 
filings, mix this dust with thin glue such as Le 
Tage s, and press this into the interstices, letting it 
remain until hard and solid and then finish the 
same as the surrounding wood. Neither this nor 
shellac will adhere where there is oil or where the 
surface has been oiled. In every case you must 
dovetail or undercut the sides of the hole so that the 
filling substance will have an anchor in the wood 

Gunmaker’s shellac can also be used for filling in 
around the barrel on the service stock when the top 
hand-guard is removed; or on the Krag stock where 
the top hand-guard springs clear the stock. You 
will find plastic wood recommended for a number 
of different jobs such as I have just described, but 
the appearance is very poor when compared to gun- 
maker's shellac; when the student become accus¬ 
tomed to the lattcrs merits, it becomes his best 
friend. Chapter XXV explains this formula and 
its preparation for use. 

Plastic wood comes into use for building up grips 
on revolvers, bad cuts on the inside of stocks, filling 
in places where it will not be seen, etc.; but for the 
better class of work gunmakefs shellac is the only 
filler you should use. 

No doubt there are a number of points I have 
neglected to cover in ibis chapter, such as, perhaps, 
building up stocks for target work. This class of 
work has endless limilalions and must be solved 
piecemeal. However, from the general instructions 
I have given one will have a pretty good idea of 
the modus operandi, and by adding a little of his 
own ingenuity he will be able to meet differing 
conditions successfully. 
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Laminated Woods For Gun Stocks 


I N RECENT years interest in stock making has 
reached a high state of development and the 
search for a supply of beautiful-grained walnut for 
the making of rifle and shotgun stocks has reached 
into the four corners of the world. Walnut is 
king among the many woods for stock making, but 
we often find that it is very difficult to secure a 
beautiful figure on the full length or both sides of a 
blank without examining hundreds of feet of timber 
in widths desirable for the making of a stock. The 
subject which I am placing before the reader is the 
possibility of laminating woods for gun stocks. It 
must be viewed from different angles as there are 
many factors which have to be taken into consid¬ 
eration. 

The idea of wood lamination is similar to the 
veneer process of gluing a thin piece of fine wood to 
an inferior piece of wood. The manufacturers of 
such products have developed this to a very high 
state of perfection. Why should wc not extend 
these possibilities to a gunstock, using three or more 
pieces of fine wood for that purpose? The actual 
effect of gluing two pieces of wood together cannot 
always be the determining factor in the choice of a 
method. Compare the large wood-working depart¬ 
ments of our furniture factories equipped with 
modern machinery (particularly the planing ma¬ 
chines on which it is possible to finish a perfect sur¬ 
face on a piece of wood) with the amateur’s small 
attic or basement workshop. The amateur is quite 
handicapped when it comes to finishing thin pieces 
of boards; it is necessary for him to form two 
pieces of wood with a parallel surface so that when 
they are glued together it is impossible to see a 
joint. When the operation is performed by the 
methods employed with a wood planer, perfect work 
will result; the beginner will undoubtedly find some 
wood-working establishment to finish the pieces of 
wood selected for the operation. 

The gluing may be easily accomplished by the 
student if he has a glue pot and has followed the 
instructions given in Chapter XXV, explaining the 
preparation and handling of glue. A thorough un¬ 
derstanding of wood and its behavior under various 
gluing conditions is necessary, but the importance 
of a perfectly glued joint consists in many other 
things besides—a perfect surface, correct consis¬ 
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tency of the glue at the correct temperature, a 
scored surface to the joints, rapid work in applying 
the glue, and clamping the pieces together perfectly 
tight. 

It appears that there was never much attention 
paid to the lamination of different woods for gun 
stocks. The apparent inconsistency of the idea on 
the surface must be excused on the grounds of ex¬ 
treme deviation, but there is no reason why popu¬ 
larity and widespread use of this method cannot be 
resorted to, particularly when the scarcity of fine 
woods for gun stocks is so evident. 

My first attempt was made on a Stevens single¬ 
shot rifle. Two pieces of American walnut were 
used with a piece of inch curly maple placed in 
the center; the white and brown colors between the 
two woods are very pleasing, especially in the 
center of the finished stock. Chapter VII offers 
some very pleasing effects, especially the insetting 
of the more valuable woods such as ebony, rose¬ 
wood, amboyan, blackbean, blackwood, maple, ma¬ 
hogany, etc., or in fact any wood the fancy may 
dictate. For the benefit of (hose whose choice is 
restricted, I would suggest using some of our native 
woods which may be purchased from a local dealer. 
Glue small pieces of different woods together, using 
walnut for the outside and 1, 2, 3, or % inch 
pieces of different woods in the center of the ex¬ 
perimental sample so that you may form some idea 
as to just how the stock will look when finished. 
In most instances, selected woods which will blend 
well with walnut are the most desirable; they are 
the darker varieties. The light-colored woods such 
as maple or satinwood form too startling a con¬ 
trast; however, these combinations are a matter of 
taste. Figure 105 suggests the methods employing 
the different kinds of woods for a laminated gun 
stock and forearm. 

Altho this practise is an artificial means of se¬ 
lecting the best parts of a blank, the idea of joining 
woods is old: curiously, very little has ever been 
done to apply the principle to a gun-stock blank; 
nor have I ever seen any articles published on the 
subject. For the student who is reaching out to 
create things just a little different, this field should 
open great possibilities for practical experiment. 
The general commercial practise of gluing woods 
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Fig. 105 

Lamination ol wood lor gun stocks 


together antecedes the present so far that it cannot 
be inferior to what one might expect in a piece of 
furniture as old as the manufacture of wood 
products. 

So far as strength is concerned in a laminated 
gun stock, 1 am of the opinion that it would prob¬ 
ably be much stronger than any one-piece stock. 
The first impression is that it would lack the line 
appearance of a solid stock, and that exposure 
would cause warpage and render it unserviceable 
under various circumstances. This supposition is 
only natural, but I can assure you that you will find 
the laminated stock as strong as the solid stock, 
and with less warpage; for the wood is not running 
all in the same direction, nor is it from the same 
tree or species; when such a change takes place, one 
wood will have a tendency to compensate for the 
other running in the opposite direction. 

As you are well aware, linseed-oil treatment is 
one of the best a rifle stock can undergo. It does 
not matter what suggestions are given and experi¬ 
mented with, in the end you will find the warm 
linseed-oil treatments the best. 

As a matter of experiment, take a number of 
stocks, both solid and laminated. Make elaborate 
gauges to test the warpage, and you will find warp¬ 
age existing in all stocks, some more than 
others. Test them at two-week intervals, and even 
tho they are kept in a room where the tempera¬ 
ture can be held at a given point, you will be 


surprized to learn that they have warped decidedly. 

During the oiling and finishing period you will 
often find that a stock has changed to such an 
extent that the metal parts have large openings be¬ 
cause of conditions which cannot be controlled. 
Quite frequently the warpage would be enough to 
put a strain on the barrel, bending it, if allowed to 
be assembled in that condition. The aim of iron 
sights will also change with the barrel. Such slight 
strains will scarcely be noticed by the sportsman 
who uses iron sights, but they will often be notice¬ 
able to the one who uses telescope sights, especially 
tho.se that are fastened to the receiver only. Many 
telescope mounts are blamed for the changes in 
their settings, particularly those of the Niedner 
design, when the real cause is warpage of the stock. 

You may find one stock in a hundred that will 
have such grain and density that it will warp so as 
decidedly to change the elevation and windage of 
the rifle and be in such constant state of change 
that the sportsman can never do very good shoot¬ 
ing. The rifleman should have no trouble, pro¬ 
vided the rifle be properly bedded in the stock at 
the start, the stock properly treated with linseed 
oil, carefully guarded from exposure, and occa¬ 
sionally re-oiled. Naturally, if a rifle is laid on its 
side on the damp ground for several hours with the 
hot sun shining on the other side, or if it gets thor¬ 
oughly wet in the rain and is not promptly dried 
off and oiled, the owner will probably experience a 
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Fig. 106 

Correct way to saw gun stock planks from log 


considerable amount of trouble. All the bad scores, 
however, cannot l>e laid to a stock, whether it be 
solid or laminated, for a number of other faults 
can be found to produce the same results. 

Structure of Wood — The chapter on the se¬ 
lection of woods is very complete, but in this 
chapter different points should be brought before 
the reader so that no misunderstanding will take 
place. It should prove especially helpful to those 
who prepare their own seasoned lumber for the pur¬ 
pose of laminating a gun stock. The process of 
seasoning and correct cutting of wood for gun 
stocks is perhaps least understood by those who cut 
wood from the back lot or forest. 

Seasoning means to make fit for use; therefore, 
in wood it invariably means the removal of some of 
the moisture, or drying. With respect to some 
other commodities seasoning may have a different 
meaning, as the seasoning of food with salt. The 
removal of moisture from stock blanks is usually 
done by exposing the blank to outdoor atmospheric 
conditions or to the higher temperature of a dry 
kiln. A great amount of wood is air-dried only— 
especially that which is used for gun stocks—and 
put under proper cover with a free circulation of air. 

This information will not only be of immediate 
help to the practical man whose duty it is to seek 
something a little different, but will enable him to 
select the finest parts of a walnut blank to make 
a gun stock without paying an exorbitant price. It 
is hoped that these suggestions will arouse the in¬ 
terest of the student so that he will do some intelli¬ 


gent experimenting on his own account. In so doing 
he will not only develop efficiency but change a sub¬ 
ject into an interesting and challenging opportunity. 

The next question for discussion is the selection 
of blanks. This is not directly understood by many 
who cut their own blanks for gun stocks. Because 
of the presence of medullary rays and annular ri -33 
in wood, it may be cut into blanks in two distinct 
ways. It may be cut parallel with the rays across 
the rings; that is, from the bark toward the center, 
producing what is known as radially cut, quarter- 
sawed, or edge-grained blanks, or it may be cut at 
right angles to the rays or tangent to the rings, 
producing tangentially cut, planed, sawed, or flat¬ 
grained blanks, as illustrated in Figure 106. Here 
is the correct method to cut wood from a log for a 
gun stock blank or pieces for the lamination of a 
gun stock. Figure 107 shows the quarter-sawed 
method of cutting the log, but this is not desirable 
for the blanks used for gun stocks. 

The plain-sawed planks will dry more rapidly 
than the quarter-sawed, even under the same condi¬ 
tions, because the purpose of the medullary rays is 
to conduct moisture or sap across the grain. Tim¬ 
ber is composed very largely of organic matter, the 
proportions reaching to a high percentage in some 
woods. The organic matter consists chiefly of 
cellulose, and it is utilized for building up the cell 
walls. The cells are filled with protoplasm, com¬ 
monly called the “physical basis of life,” which 
forms the vital element in both animal and vege¬ 
table existence. The protoplasm is gradually ab¬ 
sorbed by the process of adding more thicken- 
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ing material to the cell walls; eventually the 
cellulose becomes converted into lignin or wood 
fiber and matures into true wood. 

The result of this preponderance of organic mat¬ 
ter is that timber becomes peculiarly liable to decay 
once it has been felled and its life destroyed. The 
decay is accelerated if the tree is felled during the 
summer months when the cells are full of sap; this 
causes fermentation to take place in nearly all kinds 
of timber. Felling should only be done during the 
time when sap is dormant; this period extends from 
autumn to about the end of March. 

Among the main sources of trouble will be 
shrinkage and swelling, which will occur in moist 
climates and when two or more pieces are glued to¬ 
gether; if the contraction and expansion are uni¬ 
form throughout the wood employed, comparatively 
little trouble will result. On the other hand, checks 
and even the wood working away from the action 
may cause the wood to become distorted in shape 
when such stresses are set up in the glued pieces. 
Therefore, the correct seasoning must be given the 
wood before attempting the lamination of a gun- 
stock blank. 

End Checking — When preparing the blanks 
for stock work the ends should be protected from 
“checking.” The checking of blanks used for gun 
stocks is caused by two things: (a) uneven drying; 
the ends of timber in a pile dry out more rapidly 
than the portions farther back because the end 


grain gives off the moisture more rapidly and also 
is exposed to the drying influence of air which 
causes severe end-checking; (b) tangential shrink¬ 
age; this is greater than radial and therefore blanks 
containing pitch centers will check because the 
wood dries more along the rings than toward the 
center. In blanks cut through the center, the halves 
can cup and thus reduce the checking. When plain 
sawed lumber is held flat so that it can not 
cup in drying, it is very likely to check along the 
middle. 

End-checking can be reduced by coating the ends 
of the blanks with some moisture-retarding material 
such as linseed oil and barytes, or a high-grade spar 
varnish and barytes. One or two parts of lamp¬ 
black may also be added if a black coating is de¬ 
sired. The protection of the wood means the long 
life of any gun-stock blank regardless of the nature 
of its structure. The proper seasoning of wood is 
the first consideration, whether it is a solid piece of 
wood or a laminated piece, regardless of the number 
of pieces joined together. Such an idea may meet 
with many obstacles, mainly criticism from different 
authorities on the subject of laminated gun stocks, 
but I can see greater possibilities when carried out 
in better woods and with pieces made beautiful in 
color contrast. The student seeking results can 
well afford to improve on any experiments carried 
to a higher perfection of beauty in the selection of 
desirable and valuable woods from the earth’s four 
corners. 
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CHAPTER XVI 


Modernizing Military Small Arms 


I MIGHT as well confess right away that I am in 
favor of the boit-action rifle. This seems per¬ 
haps unpatriotic and un-American, for such a pref¬ 
erence seems to ignore the long series of world-em¬ 
bracing steps that are inseparably connected with 
the American rifles, none of which are bolt-action. 
Has nut the name of the creator of more than one 
American rifle become synonymous with the rifle 
itself? To say a man was armed with a Winchester 
or a Colt does not require that we add the word 
rifle or pistol. These proper names have become 
common nouns in the language. 

My preference for a bolt-action rifle is based 
on several reasons. In the first place, I am a 
stickler for extreme accuracy. To get this one has 
to have modern ammunition, and both demand this 
kind of action. Jn the second place, no form of 
action permits greater adaptation; and this, to the 
shooting gun maker, reveals endless possibilities. 
Please do not think for a moment that I do not 
perceive and extol the good qualities of other kinds 
of actions for specific purposes. In our Eastern 
“bush,” when one's quarry is deer, what could a 
man have better than a quick, light-lever-act ion 
Winchester? Or, in a big-game rifle, is anything 
as good as a double Holland & Holland with shot¬ 
gun action? (See Figure 108.) Other instances 
spring to mind as readily and surely. 


the latter because of their inexpensivcncss. The 
Springfield also, because it is designed exactly for 
the .30-06 cartridge, will always have a great ap¬ 
peal, for this is considered the world’s best long- 
range load, and even now this particular barrel 
and caliber seems to handle reduced short-range 
loads better than any other size. 

The United States Government, in making this 
rifle available to its citizens, has conferred upon 
them a priceless boon. One has only to become a 
member of the N. R. A.* to secure this fine rifle 
and ammunition at cost. The government has even 
gone further than this. It has actually gone to the 
trouble to provide its military arm in sporting 
stock and sights, and this not only in the 03-06 
caliber but in 22 L. R. also. Here we have the 
makings for the best sporting rifle available. Sec¬ 
ond only to this, is the Enfield 1917 model, made 
for use in the Great War by our leading manufac¬ 
turers and taking the same cartridge. This has 
an added advantage to the poor man because of 
its low price. The Lee Enfield, made also by the 
British, and the Canadian Ross rifle, both taking 
the .303 British shell and having ballistics similar 
to our .30-40 Krag cartridge, make very useful 
arms. Last but not least is the good old Krag, 
superbly made in the government arsenals, and 
making in sporting dress as good a rifle as most 



Fig. 108 

Caliber 350-2 Rigby double-barreled rifle: a true work of art 


While all our important American firearms man¬ 
ufacturers make bolt-action rifles, and good ones, 
the amateur gunsmith will generally use in his ex¬ 
perimenting and remodeling, a military rifle, either 
the U. S. Springfield, an Enfield, or the Mausers, 
Mannlichers, and Nagants of European manufac¬ 
ture. The former because of their great excellence, 


men would desire. With all this excellent fare, 
few will desire to go further; still, for those with 
abnormal appetites, a new range of possibilities 
is available by fitting barrels of other calibers to 
these self-same rifles such as the 6.5 and 7 mm., 
which are also world popular. 

* National Rifle Association, Washington, D. C. 
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Let us start by describing how to remodel a 
military rifle for sporting use, retaining most of its 
parts. We shall first dismount it, separating the 
metal parts from the stock. This will give us 
greater freedom in the use of our tools. Let us 
take the stock first and see what we can do with 
it. The first thing is to remove the excess oil 
with which it has been treated. This is best done 
with gasoline. You will notice that this stock has 
been made for hard service rather than beauty and 
is a compromise in dimensions, being built to ac¬ 
commodate all sizes and kinds of men. You will 
find, in most cases, that the butt stock is too short. 
You might lengthen it with a piece of wood neatly 
applied under the butt plate, or by a thick alumi¬ 
num plate; but really the easiest way, and a way 
that adds another great advantage, is by means of 
a rubber recoil pad. This also does away with 
the patched-up appearance that the other methods 
cannot avoid. 

You will note now that the “hand-hold” or grip 
of the stock is pretty large and that the comb of 
the stock is rather low. Both can be helped with 
the spoke-shave, for in reducing the size of the 
hand you will get the apparent effect of raising 
the comb. If you have a good shotgun, use it as 
a guide to your shaping. You will not be able 
to get all you may desire in shape, but you will 
be able to make a marked improvement. 

You will doubtless decide that you would pre¬ 
fer a fore-end of sporting length, so you will cut 
off the forestock ahead of the rear barrel band. 
This will reveal an opening between barrel and 
stock which you probably did not suspect. You 
can seal this by fitting a piece of wood into the 
space; but there is a better way, which is to fit 
a fore-end tip of contrasting wood or horn to the 
end of the stock. The method of doing this was 
fully described in the chapter on stocking, to which 
you will refer. If you decide on a tip made of wood, 
make it of hard maple. This you can stain black; 
at a short distance it will closely resemble the 
higher-priced and harder-to-fit horn. It would 
greatly help the appearance and grip of the gun 
if the grip and fore-end were checkered, but I do 
not like to advise you to attempt this until or 
unless you have experimented with this operation. 
It is also fully described, with its tools, earlier in 
the book. Let us say that it is much harder to do 
than it looks, and that preliminary practise on 
scraps of hardwood is advisable before tackling 
a stock. 

The removal of the hand guard has also re¬ 
vealed another hidden surprize. This is that the 
barrel has not been smoothly finished except where 


it is exposed. This roughness cannot be perfectly 
removed except by smoothing and polishing in a 
lathe, but you can do a very respectable job by 
draw-filing. As you have only a short piece to do, 
this is the method you will use, following it with 
emery and the finer abrasives until you are satis¬ 
fied. This will require that you reblue the barrel, 
so judge first which you would rather have, the 
tool marks or the coat of bluing. 

Our next consideration is the matter of sights, 
a very important one. No rifle is better than its 
sights. The sights on the military rifle as issued 
are not suitable for hunting or even the best target 
work. The front sight will, of course, answer, but 
here improvement is easy and inexpensive. Lyman 
makes an interchangeable sight in several styles 
that can easily and quickly be substituted. 

The rear sight is rather more complicated, but 
you can make a number of combinations on the 
fixed base of the Springfield, especially if you are 
a young man with normal sight and can get a clear 
image with a sight as near your eye as a sight 
placed here will necessarily be. You can easily 
determine this by taking any common leaf sight 
or a piece of metal filed to this shape and sliding 
it along the barrel as you hold the gun in firing 
position. When you reach the point of perfect 
definition this will locate the sight position. The 
height will be determined, of course, by the height 
of your front sight and the range. If you find then 
that you are able to use the fixed base on the 
Springfield, you will remove the present sight from 
the base. This is done by completley turning the 
windage screw until the sight is turned out and 
can be lifted off the pivot lug or projection. 

You will now have a chance to use your in¬ 
genuity in designing and making a leaf sight, or 
a set of them, which can be affixed to this base. 
A series of separate leaves filed to 100, 200, and 
300 yards elevation are really the best, but unless 
you are prepared to make the two folding leaves 
spring-controlled, so that they will not flop in 
use, you will be best advised to secure a rear sight 
with elevating ladder such as is used in the gener¬ 
ality of hunting rifles and use this as a base for 
your sight. If you intend, in addition, to use a 
Lyman peep, you will find that marble makes an 
adjustable sight, the ordinary standing part of 
which can be turned down at will. In a later chap¬ 
ter, I shall describe the many varieties of sights 
and how they can be made completely; if you are 
ambitious to go the whole way, study that chapter. 

The use you are to make of your rifle will de¬ 
termine your sight equipment. Some of my good 
friends who are real sportsmen think that a rear 
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barrel sight should be ignored, and their own rifles 
are consequently devoid of them. In this, I do 
not agree. There are times when a rear barrel 
sight is the best bet, and furthermore, they serve 
two other functions—they serve as a spare sight 
should the fragile peep sight be broken, and they 
also serve as a check-up for elevation. This is a 
mighty useful adjunct, for somehow one's hunting 
companions do like to play with one’s sight-ad¬ 
justment screws in the evening at camp. A glance 
over one’s barrel sight instantly detects any mal¬ 
adjustment. 

It is a mighty good plan, in off-hand game 
shooting, to adopt the principles of the wing 
shooter; that is to fire the gun the moment the 
rifle touches the shoulder. Any poking or changing 
aim at moving game means the game will usually 
keep right on moving. This necessitates a ‘point 
blank” sight position adopted and made constant. 
This you should do before you ever enter the woods. 
All your adjustments will now be a matter of instant 
judgment based subconsciously on the distance to be 
met. Both the aperture sight, if it is a ring-type 
eyepiece like the standard Lyman, and the plain 
bar rear sight are equally quick and suitable for 
this kind of snap shooting. The eye does miracu¬ 
lous things, and one of them is the instant auto¬ 
matic centering in an aperture if you do not con¬ 
sciously interfere with it. Incidentally, I strongly 
advise that a rear sight be straight across its upper 
surface and not cut to a V formation. A light 
platinum line running vertically at the center is a 
slight help perhaps, but this line must terminate 
Mo inch from the top or it will blend with the 
front sight and destroy all certainty of elevation. 
An ivory pyramid inlaid in the face of the leaf 
with its apex terminating at the same place is also 
excellent. However, your eye, if you trust it, will 
do the trick quite unaided. 

For purely target work at known ranges, a dif¬ 
ferent sight equipment is necessary. Here doubtless 
there is nothing equal to a Lyman sight adjustable 
to both elevation and wind allowance and capable 
of the finest graduations. A disc used in the tur¬ 
ret will cut off disturbing light rays and thereby 
give sharj>er definition. There still remains the 
increasingly popular scope. I shall refer you to 
Chapter XVII for this and its uses, as it is too 
technical a subject to treat with the briefness 
necessary in this chapter. 

We now must think a moment about our trigger 
pull. Most military rifles have poor trigger pulls. 
This is brought about by the necessity of safety 
and rigidness, features that must always he insep¬ 
arable in military operations. All modern military 


rifles have therefore a “safety” or preliminary pull. 
In target work and in the battlefield this offers no 
objection—in fact, it confers a benefit; but in the 
hunting field it is not quite satisfactory. Your trig¬ 
ger, however, can be adjusted to the latter pur¬ 
pose. 1 don’t want you to do it, for it is a delicate 
job and calls for a lot of experience. You had 
better send the rifle to an accomplished gunsmith, 
telling him just how many pounds trigger pressure 
you prefer. A trigger is something we must take 
no chances with. I fit, when requested, an adjust¬ 
ing screw in the guard of a rifle, which can be regu¬ 
lated to a desirable pull and securely locked in po¬ 
sition. This is an expert job, but it is the real so¬ 
lution of trigger adjustment. 

Everyone would find pleasure in owning a sport¬ 
ing Springfield, but many riflemen feel they cannot 
afford to have a service arm remodeled. The be¬ 
ginner will immediately visualize the finest re¬ 
modeled gun that is possible to build with the base 
of a military arm tor the foundation; but be con¬ 
tented for a time with the rifle in its present con¬ 
dition, until you lay plans for its future develop¬ 
ment. 

We have a number of military arms to work 
upon as well as the Springfield model 1903 and 
Enfield model 1917. Perhaps there arc some who 
are fortunate enough to have one or several of 
the following military arms in their possession: 
the British Enfield model 1907, French Lcbel 
model 1886 or 1893, German Mauser model 1898, 
Austrian Mannlicher model 1885, Russian Nagent 
model 1891, and Japanese Arisake model 1905 (a 
number of these were sold in England about 1925), 
Italian Paravici caliber 6.5 mm., Belgian Mauser 
model 1889, Ross model No. 5 British caliber .303 
and .280, or any other rifle classed as a military 
arm. The next question is that of ammunition. 
The model .30-1906 full metal-patch ammunition 
can be secured by members of the N. R. A. This, 
of course, is the logical cartridge to choose for the 
rifle that will handle this ammunition. 

The 8 mm. cartridge is a standard for use in the 
German Mauser military rifles and is made by our 
leading cartridge companies. This, together with 
the better 7 mm. and .303 British ammunition, can 
be secured in any part of the world. It is possible 
to secure all kinds of cartridges for foreign rifles 
through some of the import houses of New York, 
but from the standpoint of accuracy and economy 
the .30-06 cartridge is the best for the American 
experimenter and rifleman. Of course, if you should 
be located in some other part of the world, adopt a 
cartridge which is standard there and can be secured 
as easily and economically as the .30-06 ammunition. 
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Whenever one of the other military arms is in your 
possession it is well to experiment in order to 
understand its peculiar characteristics. 

When a customer comes in and wishes leaf 
sights fitted to his rifle, I always try to get an idea 
of the section of the country in which he wishes 
to use the weapon. This gives me an opportunity 
to explain the advantages and disadvantages of the 
different combinations. Nearly everyone will pre¬ 
fer some particular combination, and I naturally 
have to give a person what he wishes, regardless 
of the suitability or not. This is unfortunate. The 
British gunsmiths make the finest kind of leaf 
sight. It usually has a wide V-notch, and in addi¬ 
tion to the standard there arc folding leaves 
equipped with retaining springs. These have a 
vertical platinum line designating the center. You 
realize the suitability of these sights on a heavy 
double rifle, particularly when faced with charging 
dangerous game, for they are lightning quick. Their 
front sights do not usually please me. They are too 
fine in sections, and therefore frail. It seems to 
me that they are next to useless for hard work and 
rough usage, as they are easily bent and displaced, 
and this puts the rifle out of commission. Hunters 
carry extra front sights in a receptacle in the stock, 
but how much better a solid steel blade of ample 
size would be! 

Then we have the peep or aperture sight. So 
much has been written on this subject that I do 
not feel justified in explaining its advantages and 
disadvantages. A separate chapter will be devoted 
to this subject alone. In my opinion the aperture 
sight is the quickest sight there is, and if there were 
no unfavorable conditions it would be perfect. 
These are useless, however, in rough mountain 
work and in jamming in and out of saddle boots, 
because of their delicate mechanical adjustments. 
The fine accuracy demanded on the rifle range is 
the proper and obvious field for them. 

The choice of a front sight requires as much 
thought as a rear sight. Chapter XX. Volume II, 
gives you a number of ideas on how to make these. 
I have made so many different kinds for customers, 
that it really is a hard matter to say just what is 
best. From the illustrations, one can pick the one 
which is best suited to his individual preferences. 

There are thousands of men, some of them not 
gun cranks, who pick a rifle to pieces the moment 
it gets into their hands. The student should never 
develop into this class. The men who designed 
the rifle did so for some reason, knowing from long 
experience just what was best. So don’t rush in 
and try to change everything for some fancied ad¬ 
vantage until you are sure that it outweighs the 


disadvantage that should come up under other 
conditions. 

A very suitable subject to work upon and express 
your ingenuity on is the Russian 7.62 mm. (caliber 
.30) Nagent rifle. A brief history of it and of how 
a large number of rifles of this model came into the 
possession of the United States Government may be 
of interest. 

At the time of the World War, the Remington 
Arms, the Winchester people, and the New Eng- 
land-Westinghouse Company had large contracts 
with the Imperial Russian Government for a sup¬ 
ply of these rifles. When the Union of Soviet Re¬ 
publics took over the Russian government, these 
three companies had several thousand finished 
rifles on hand. These the United States Govern¬ 
ment bought at a very reasonable price, intending 
to use them in the drilling of recruits, as the sup¬ 
ply of Springfields was insufficient. With the 
war over, the government had no further use for 
them, and the D. C. M. was therefore instructed 
to dispose of them. They are good subjects for 
the amateur to work upon, for they can be con¬ 
verted into a very fine hunting arm, as the founda¬ 
tions are there, and they are strong and reliable. 

This rifle uses a rimmed cartridge firing a bullet 
of 150 grains weight. The caliber is 7.62 mm., 
which is in fractions of an inch .2999 or .30 cali¬ 
ber. It gives an initial velocity of 2900 ft. sc., 
so you see it is ballistically up to date. 

The Remington Arms and the United States 
Cartridge Companies both make the ammunition 
for this rifle. The .30-caliber Springfield service 
bullets and the .30 caliber 172 grain boat-tail bul¬ 
lets work very well in this rifle. The groove diame¬ 
ter is a little larger than the Springfield because 
it was necessary to give a somewhat greater man¬ 
ufacturing tolerance in the hurried manufacture of 
the rifles. This is likewise a fault in the model 
1917 Enfield, which was also made by the Rem¬ 
ington Arms Company. 

The bolt handle of this rifle extends rather 
awkwardly. It can be altered to a more normal 
position, but this is a job rather beyond the ability 
of the beginner. How it is done is explained in 
Chapter II, Volume II. 

The beginner has a wide range of possibilities 
in the remodeling of this rifle. He can build up 
and reshape the old stock as described in Chapter 
XIV, or for experience he can make a complete new 
stock. The barrel can be shortened to any desired 
length. Sights can be fitted (see first part of this 
chapter). Lyman makes an aperture rear sight 
adapted for this rifle, and this simplifies the ques¬ 
tion of sights. When all the changes are made, 
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Fig. 109 

An amateur’s gun shop. Dr. E. J. Witzel in a corner of his basement. The attic, the woodshed, and 

the basement are rivals of the laboratory in this fascinating work 


the metal parts will be reblucd and the wood pol¬ 
ished. The beginner will be surprized when he 
sees one of these rifles properly worked over, for 
he will find that he has a very good sporting arm. 
See Figure 109 with one on the bench. 

The model 1917 Enfield rifle is one of the war¬ 
time products and is also sold through the D. C. 


M. to N. R. A. members. It costs $7.50 in used 
condition and $20 new. These were made by the 
Remington Arms Company for the British .303 
cartridge, and for the .30 U. S. cartridge. This 
rifle has some good features, and can be made up 
into a very serviceable sporting arm. The Rem¬ 
ington Arms Company is still using the receivei 
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of this rifle in its sporting models, so when you 
are in one of the large sporting-goods stores, ask the 
clerk to show you a Remington Model 30; this will 
give you some ideas which you can utilize. The 
military model as issued by the D. C. M. is an 
unsightly affair, but do not be discouraged. The 
same suggestions apply in this case as in that of 
the Russian rifle. The rear-sight base is a part of 
the receiver on this model and so must be removed 
by grinding. New sights, either leaf or aperture, 
can then be applied. By filing off the present 
rear sight, a Lyman .48 can easily be fitted to the 
contour of the receiver on the right side. 

You will not be as well satisfied with this rifle 
as with some of the other military models, but 
your main problem is to gain experience. Do not 
allow likes and dislikes to influence you greatly, 
until the time comes when your judgment is worth 
something. The Enfield is the most' reasonable- 
priced rifle handling the .30-06 cartridge. Some 
of the barrels are oversize in the bore as much as 
.002. This was due to wartime production, and 
only fair accuracy can be expected. The rifling 
has the British left-hand twist instead of the right- 
hand twist of the Springfield. 

After the war a number of these barrels were 
sold to riflemen as well as gunsmiths, who sold 
them as new barrels. Since they all had a left- 
hand twist, a few were detected. One in partic¬ 
ular that I examined proved to be a Remington 
barrel. The party who had restocked the rifle 
and placed the barrel into a Springfield action 
excused himself on the grounds that he only made 
barrels for very close friends. 

One firm who advertised a great deal right after 
the war used a number of these barrels also, but 
I do not know the excuse they gave for using the 
left-hand twist. Their price was $80 for a barrel 
with a makeshift rib, and $50 for a plain barrel. 
One man paid $80 for one with the rib; after the 
third shot the rib came off. Because of this un¬ 
expected misfortune, another Remington barrel was 


discovered, which was sold for five cents per 
pound. 

One good feature about the model 1917 rifle 
is the bolt with the safety feature on the side and 
in such a position that the thumb of the right hand 
can operate it very readily. Also the turn down 
in the bolt handle which permits a low mounting 
of a telescope without the necessity of bending the 
bolt handle. This is an advantage over most other 
military rifles. The beginner will find that it has 
taken a considerable amount of hard work on this 
rifle to bring it up to the ideal he has set, but he 
will find he has a good rifle and he will like it 
better as time advances. 

Figure 110 illustrates what can be accomplished 
with these arms to make them look more like sport¬ 
ing rifles. Since the D. C. M. has placed these 
war arms on the bargain counter—the proper place 
for them—the amateur gunsmith has a very favor¬ 
able subject on which to try his experiments. 
These recommendations for the remodeling of these 
arms are only the foundation of the possibilities 
for the ingenious student. New fields will be 
opened for the special application of sights, both 
iron and telescope. New stocks will be designed, 
as well as special sears and set triggers, and many 
other improvements that cannot even be enumer¬ 
ated. The actions can be made to handle various 
calibers of cartridges as well as the standard for 
which it has been designed. However, with these 
few suggestions, I know no excuse is needed for 
emphasizing again the possibilities of the built-up 
stock as suggested in Chapter XIV. 

From the amateur's point of view, it is a diffi¬ 
cult matter to draw any radical conclusions as to 
just what method he will take to bring out the real 
merits of such a rifle. He may follow the exact 
instructions as given in these chapters; then again 
he may have better ideas, and so he may do just 
what he wishes, providing he docs not overstep the 
bounds of safety. 

A number of the Mauser military rifles were 



Fig. 110 

An amateur's first attempt at remodeling a military rifle. A Model 1917 arm was selected, and Mr. William Clark, a 

very promising amateur, checkered and carved tho slock as well 
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brought over by the returning troops. These were 
picked up on the battlefields and preserved as war 
relics. The action of these rifles is very good. In 
fact the Springfield is a Mauser. The stocks and 
barrels are useless, but a new barrel and stock can 
be made and you will then have a most excellent 
rifle for the model 1906 cartridge. It is necessary 
to lengthen the magazine a little, as the German 
8-mm. cartridge is about Ys inch shorter than the 
.30-06 Springfield cartridge. The magazine is cut 
out at the rear and will allow the .30 caliber to 
clear, with Inch to spare. You have a maga¬ 
zine that will feed the model 1906 cartridge as well 
as in a Springfield action. The bolt head has the 
correct recess and takes the .30-06 cartridge per¬ 
fectly. The bolt handle stands at an awkward 
angle but can be bent down; the under side of the 
knob may be ground off and then checkered or 
matted. A similar rifle when restocked and filled 
with all the necessary trimmings will cost you $200 
or more in New York. New Mauser actions cost 
$50, and whenever it is possible to secure a Mauser 
action reasonably, or even the rifle complete, 
always pick them up, for some day you can make 
them the base of a fine sporting arm. 

Ross model No. 5 caliber .303. The Ross action 
is what is known as a straight-pull action. In other 
words, no turn-down of the handle is necessary. 
The bolt operates inside a spirally fluted sleeve, 
which engages into corresponding recesses in the 
receiver. This furnishes the locking movement. 
These rifles were made by the Ross Rifle Company 
of Quebec. Sporting models were made as well as 
the military rifles. The latter were used by the 
Canadians prior to the World War. This rifle is 
now obsolete, and I cannot advise the beginner to 
experiment with it for the reason that so many 
accidents have resulted from blown bolts. This 
was caused by an improper insertion of the bolt 
after removal. A simple lock can be fitted which 
will prevent this from ever recurring; I hesitate to 
fire the rifle until this has been done. There are 
still a number of these rifles in the hands of Amer¬ 
ican sportsmen today, but they have lost their 
popularity because of this one fault. The rather 
complicated action, which is easily clogged with 
dirt, made it unsatisfactory in military operation. 

Japanese Arisake model 1905 6.5 mm. A num¬ 
ber of these were made up by some of the British 
Arms Companies for the Japanese Government 
during the Great War. It makes a very light rifle 
when restocked and fitted with better sights, and 
is a good serviceable arm. Very few came into 
this country, but any rifleman who is fortunate 
enough to secure one will derive good experience 
in remodeling it. The cocking piece resembles 


the Russian Nagent. It has a fine action, and a 
good trigger-pull can be secured. 

Lee Enfield caliber .303. This is the service arm 
of the British Army. It must be secured in Eng¬ 
land or Canada, and is sold to members of the 
N. R. A. over there. This rifle is to the British 
what the Springfield is to us. It has given won¬ 
derful service all over the world wherever the 
British flag is flown. It can be made up into an 
excellent sporting arm when restocked and fitted 
with suitable sights. 

All military models have a world of merit which 
the student should become familiar with. These 
arms were designed for war purposes, yet when 
converted into sporting arms in an experimental 
way, they give the beginner technical knowledge, 
and a foundation to carry out advanced ideas to 
suit some particular purpose. It is from the ideas 
of a number of individuals that the fine results 
invariably come. 

The 1873 Model Springfield caliber .45-70. This 
rifle is one of a number which you can class as 
the poor mans rifle. It is still available to mem¬ 
bers of the N. R. A. and costs $1.25 plus express. 
It has been obsolete for a number of years. The 
.45-70 cartridge is still one of the best on game at 
short range. It has great knock-down power. 
The rifle has a barrel 32 inches and the carbine 
22 inches in length. The military cartridge loaded 
by the government consisted of a 500-grain lead 
bullet, propelled by 70 grains of black powder. 
This gave a muzzle velocity of 1200 f. s. and a 
chamber pressure of about 25,000 pounds per 
square inch. The barrel has one turn of rifling 
in 22 inches. The Winchester Repeating Arms 
Company and the Remington Company make this 
ammunition in various weights of bullets, such as 
the 500 grain, 405 grain, 350, and 330 grain. I 
would advise the student to reduce the barrel 
length to 24 or even 22 inches. This will give 
the rifle a better appearance and it will handle 
better. The stock can be worked over and greatly 
improved. 

It will be necessary to remove the upper tang 
and weld a piece of cold-drawn steel to it as a base 
if one wishes an aperture sight attached. The Ly¬ 
man No. 103 for the model Savage rifle will answer 
the purpose very well. If leaf sights arc desired, 
these can be mounted together with a front-sight 
ramp. The design of this rifle permits a low 
mounting. The hammer can be reduced in size 
and improved in appearance by grinding away the 
back and the lower part. You can further skele¬ 
tonize it by drilling holes in the wide flat part and 
elongating these holes with a round needle file. If 
one wishes to restock the rifle or inlet a comb and 
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pistol grip, the guard tang can be cut off at such 
a distance as will enable you to insert a grip at the 
proper place. The very wide trigger guard and 
the trigger can be reduced in size by fiiing and 
then case-hardening all parts. The forearm may 
be cut off above the sling swivel—this together 
with the upper tang will be quite sufficient to hold 
the barrel in place. If you wish to restock the rifle 
completely, a wide band with a swivel bow can be 
fitted in the proper location. 

Save the end of the barrel which you have cut 
off and make an auxiliary chamber out of it to 
shoot the .45 caliber Colt single-action ammuni¬ 
tion. The .45 caliber cartridge for the single-action 
Colt revolver measures .472 in diameter and is 
suitable. Chamber the end of your auxiliary to 
this cartridge size, counterboring it so that the 
head comes flush. Then turn the outside to the 
size of the chamber. The auxiliary will be of the 
same length as the full-sized case. As you have 
a considerable length of barrel left over, it is best 
to make two or three of these auxiliary chambers 
to use in place of the heavy-loaded standard car¬ 
tridge. This sub-load gives a very fine accuracy at 
short ranges and also gives the user practise in 
locations which should be impossible with the 
standard cartridge. 

As this rifle action was designed to make it pos¬ 
sible to convert existing muzzle-loading arms into 
breech-loaders, it can be turned back into a really 
fine muzzle-loader. Cut the breech off where it 


for the percussion cap. Lighten the hammer as 
described in the instructions on restocking other 
rifles; also the trigger guard, trigger and tang. The 
butt stock can be altered to suit your ideas. One 
trouble you will experience is in locating the nipple 
in the nipple holder. It is necessary to heat the 
hammer and give it an offset to the right, so that 
the hammer will strike the center of the nipple 
instead of at the joint between the holder and 
barrel. The Lyman Gun Corporation will furnish 
a bullet mould of correct size, or you can make a 
suitable mould from the instructions given in 
Chapter XXIII, Volume II. 

The making of a .45-caliber muzzle-loading rifle 
will suggest to the student the idea of making up 
a muzzle-loading shotgun from this rifle. It can 
be made cither 12, 16 , or 20 gauge, obtaining and 
adapting a model 12 or 97 Winchester shotgun 
barrel. The forearm will be cut off to a suitable 
length and a forearm stud made long enough and 
wide enough so that a */>-inch hole can be drilled 
through and tapped on the under side for a 10-32- 
inch screw. The large hole is drilled so the ramrod 
will pass through. The 10-32-inch screw with a 
fillister head is to hold the forearm in place. The 
stud must be secured in a shallow dovetailed slot 
in the barrel, or if you are competent to sweat it 
on, it will be belter secured this way. Before 
cutting out the channel for the barrel, bore out the 
hole for the ramrod. If you wish to put in a brass 
tube, allow for this. Figure 111 will show what is 
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Fig. Ill 

Murrle-loading shotgun. 20 gauge, made Irom a caliber-45 Model 1873 Springlield. A Model .12 Winchester barrel was 

used, and a special breech plug imbeds the tang in the handgrip ol the stock 


screws into the receiver and fit the upper tang or 
a new breech plug into the barrel. Make a nipple 
holder and a steel nipple from tool steel. Harden 
and draw the temper of these to a dark straw. Fill 
in the space formerly occupied by the receiver with 
walnut and glue in place. Re-bed the barrel into 
the stock. You will need to retain the full-length 
stock so that you can reshape the stocking swivel 
and leave the ramrod in its present location. An¬ 
neal the hammer and drill out the end in cup shape 


possible to accomplish in the making up of these 
arms. 

The reworking of all military arms gives the 
student better material to work on than he would 
secure with any factory-made arm constructed to 
meet the demands of the general public. These 
are really wonderful materials to work upon. The 
same is true of the various single-shot actions 
which are in obsolescence. It has become impos¬ 
sible to secure any ammunition for some of these, 
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out with new standard barrels, chambered for British single-shot actions; whenever the student 
modern ammunition, you have the basis for a can run across such actions at a reasonable 

modem rifle. price, it will be well to secure them, this holds 

The Sharps-Borchardt, the Ballard, Winchester good with all the military arms. In this way you 
S. S., Sharps, Remington-Hcpbum, Maynard, will continue to gain experience which will carry 

Peabody, etc., are all well known and are all you along into an advanced stage of finer gun- 

good, There are also some German, Swiss, and making. 



CHAPTER XVD 

Fitting of Sighting 
Equipment 




CHAPTER XVn 


Fitting of Sighting Equipment 


S IGHTS are for the purpose of facilitating the 
most accurate aim on a rifle. The selection 
of appropriate sighting equipment is, I believe, one 
of the most discussed topics among the shooting 
fraternity, for in this almost infinitesimal part of 
an arm lies the responsibility of true aim. It is 
also because of this that when marks vary, the 
shooter is most ready to jump to the conclusion 
that the error lies entirely with the sights. A trip 
to the oculist often proves enlightening and will 
save the student much trouble before he blindly 
endeavors to put his entire sighting equipment 
through a metamorphosis; that is, unless the fact 
that his sights arc altogether at fault is very 
apparent. 

When a rifle is equipped with specially made 
sights rather than the factory standards, two essen¬ 
tial points should be taken into consideration: 
whether the rifle is to be used for target work or 
game shooting. Sighting and holding for woods or 
open shooting requires adaptation to the purpose 
intended and is an entirely different kind of shoot¬ 
ing from that done on the rifie range. The latter 
requires careful aim, the gentle trigger squeeze, 
then the fired shot, whereas the game shot or 
woodsman, a man who is accustomed to the open, 
will not hesitate but fire instantly as soon as the 
rifle is brought to his shoulder. When we analyze 
the situation, the woodsman’s training must enable 
him to hit swift-moving game—deer, moose, elk, 
bear, etc. The target shooter who is a good holder 
and proud of his record on targets at 100, 600, and 
1000 yards will often miss an elk or moose at 100 
yards. He is too slow and cannot see the sights 
plainly against the dim figure of the animal. Like¬ 
wise, the woodsman will make a disgraceful score 
at the targets. 

There is an endless variety of sights, ranging 
from the most simple types to those rather compli¬ 
cated in design. They are classified as aperture, 
open, and telescope sights. Originally there were 
only two, namely iron and telescope sights. This 
was sufficient when only speaking in terms of the 
target shooter, or from the military standpoint; but 
we must now consider the hunter who uses open 
sights on fast-moving game. In the past he was 
given little attention, probably because of his meek 


and humble ways, but from now on he is to be rec¬ 
ognized, for his experiences in the Northwestern 
section of the United States have put him in a 
prominent place. 

The standard sighting arrangements on military 
and factory arms are very poor, but of course these 
are built for hard service, and therefore are not as 
fine or as capable of delicate adjustment as certain 
aperture sights used for target work. For example, 
the standard sights on foreign military arms are 
extremely poor compared to the Springfield Model 
1903. Still, that sight is no exception. However, 
one can accomplish a number of combinations on 
the fixed base, after the movable base has been 
removed. It only requires the turning of the wind¬ 
age screw until the sight is completely removed 
from the lateral adjustment and free of the worm. 
Then the flat base is ready, except for the pivot 
lug, which must be filed off. Both front and rear 
projections may be used for any purpose intended 
or to anchor a new sight. 

Telescope Sights — After one has become 
proficient in the use of aperture or open sights, his 
one ambition is to own a telescope sight for its 
superior advantage over either aperture or iron 
sights. Since the telescope is the means of secur¬ 
ing the finest accuracy it is deserving of more at¬ 
tention, particularly at the target and on small 
game. These facts are well established where the 
hunting of woodchuck, squirrel, crow, etc., is the 
pastime of so many outdoor men. On the other 
hand, hunting telescopes and mounts are rather 
difficult things to take care of by the average big- 
game hunter. Where it is next to impossible to 
do so they are more or less worthless. They have 
been used successful^ on long hard hunting trips, 
but they are usually discarded afterwards, as a 
slight fall or jar will put them completely out of 
adjustment. 

There are, of course, various advantages in the 
use of telescope sights, but when the bounds of 
practicability are overstepped with these delicate 
instruments you can blame only yourself. They 
have been designed and made to stand just so much 
abuse and no more. The advantages of a telescope 
sight are that it greatly reduces the errors of aim 
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and allows objects to be seen more distinctly than 
with the naked eye. In selecting a telescope two 
objects are to be kept in mind; either it is to be 
used for hunting or for target purposes; if the lat¬ 
ter, a high power will be practical, but for the 
former a low power with a clear bright field is 
desirable. 

Open Sights — Open sights are extremely simple 
in form but are the quickest and most positive for 
game work that can be made. I refer to the fixed 
sights set for one range only, the rear top edge 
filed to form a V or II notch. There are also 
some without any form of cut-out except for a cen¬ 
ter line to hold the horizontal position. 

If the student aspires to become a game shot and 
has never faced difficulties encountered in rough 
localities such as the Northwest, he can gain sim¬ 
ilar experiences by artificial means or wait for 
certain weather conditions to present themselves. 
He must prepare himself for such handicaps as the 
bright sun shining in his eyes, or the gloom of an 
approaching storm. Have target objects made by 
hand in the distance, representing different game 
with color arrangements similar to that of an 
animal. Look for objects at the edge of a forest 
which cause the blurring of sights. You must he 
able to combat wind storms, the wind being strong 
enough to blow the muzzle of the rifle from three 
to twelve feet off its intended mark, and the effects 
of snow or driving sleet against the face. You 
must be able to judge distance under all these 
difficult conditions, remembering that a miss is just 
a lost shot. It is apparent how useless an aperture 
sight is under these conditions, where snow or even 
pine needles may block the passage; or a wind 
gauge when you are constantly changing position. 
There will be times when your hands are shaky 
from physical exertion, and when, to make matters 
worse, your mark has a protective color and is sel¬ 
dom motionless, hardly two shots being fired at the 
same range. 

If you wish to become a hunter, or if you arc 
one already, experiment with open sights until you 
find a combination which is perfect for your eye¬ 
sight. By all means do not allow target work to 
interfere with what you often dream about—the 
far-away open country near the mountains. The 
open sight, like the open country before your eyes, 
will be your most reliable companion. 

Aperture Sights — Aperture or peep sights are 
the most accurate. They are classified separately 
and are seen on both target and hunting rifles. 
The natural aptitude of the eye to center objects 
enables one to do this with a greater degree of 


accuracy when deliberate aim is taken on any ob¬ 
ject. The advantage of this is the fact that it is 
possible to establish a perfect point of aim at any 
given distance and make the most delicate adjust¬ 
ment both for elevation and windage with any 
standard loading or special hand-loading of am¬ 
munition by yourself. On open sights this cannot 
be done, except by the addition of a number of 
leaf sights, but then accuracy is destroyed if shoot¬ 
ing at greater ranges than 200 yards with the same 
sight. 

It will prove advantageous to have the arrange¬ 
ments for fine adjustments on aperture sights, par¬ 
ticularly for the target shooter and for men whose 
eyesight is not as keen as it might be. Sights which 
contain an aperture may be used for practically all 



Fig. 112 

Th* famous Lyman 48 aperture 
sight for Winchester Model 54 
Rifles 

purposes. They have become without a doubt the 
most popular sights for rifles of all descriptions, 
and for target shooting they stand supreme the 
world over. They are preferred by the majority of 
hunters on the North American continent but are 
not the choice of experienced hunters in other parts 
of the world. Great credit is due the Lyman 
principle of design, for these people have gone 
farther and kept in advance of the needs of the 
target shooter as well as the hunter. Their sights 
have become standard equipment on the Spring- 
field sporter and also the M-l .22-caliber Spring- 
field, and they have made sights in the same class 
which arc adaptable to any other standard target 
rifles. The British have also kept pace with the 
advancement of aperture sights and today the 
rarker-Halc design is one of the most sturdy con¬ 
struction, the foremost requirement for good target 
work where weight is not important. The new 
Lyman aperture sight for the Model-52 Winchester 
has been made on the same principle as those of 
British construction. 

When we sum up the advantages of aperture 
sights for target or game (provided dangerous game 
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is not being encountered), it will be seen that they 
permit an almost unimpeded view of the target or 
object during aim. For this reason it is easier to 
aline quickly and hold the target longer with a 
clearer definition of the front-sight adjustment 
which is necessary on target arms. However, in 
elevation and windage, it is a detriment in the 
hunting field, for once an aperture sight is set at 
a given range for game work, it must be locked in 
place and left there so that it is impossible for any 
one to unscrew it; for if the screws rub on parts 
of the equipment this will throw them out of 
alinement. 

Front Sights — Front sights are divided into 
three classes: beaded sights, blade sights, and globe 
sights. Heretofore there were only two kinds, open 
and globe. This classification did not take into 
consideration the bead sight of either ivory, gold, 
silver, etc., and it was rather confusing as to 
whether a bead or a plain blade sight was 
designated. 

There is such an endless variety of front sights 
on the market today that it is rather difficult for 
an amateur to know just what to choose for his 
purposes. I dare say that in the end he will find 
it necessary to make one for his particular use. 

The most essential point to consider in the con¬ 
struction of a front sight is the correct shape; sec¬ 
ond comes the clear definition at the tip or top 
upon the object aimed at. All front sights should 
be made of alloy steel. Tool steel or spring steel 
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Lyman globe target front Bight showing 
the nine Interchangeable Insertions 

is good, but the alloy steels have greater elastic 
limits and are not as liable to bend or break even 
tho they are made very thin. 

When attaching front sights to a base, they 
should always be fastened securely by such means 
as screws, dovetail slots, etc.; once in place, they 
become permanent fixtures. Whatever adjustments 
take place should be obtained by the rear sight. 
An important factor to consider in selecting a front 
sight is the effect of various lights on certain 
metals. Silver will cause more or less glimmer in 
bright light; consequently one so selected will 
change elevation and windage and the fine defini¬ 
tion will be impaired. Gold, when given a dull 
finish, is the most practical metal to use in a beaded 


sight because of its color on an object in strong 
lights. It also has the advantage of strength. I 
do not recommend ivory beads because they are 
apt to be brittle and frail. They are, .however, 
advisable on a hunting arm used for wilderness 
work. Another more practical substance has been 
found which will be described later. 

It has been found that the flat-top blade sight 
is the only satisfactory one to use on a target rifle. 
The width of a front-sight blade must be so that 
it accommodates the eye on the object, either game 
or target; I have found that a blade 0.080 inch 
wide is the best to give the clearest definition. The 
width of these sights is a matter of choice with the 
shooter; however, the target shooter will find one 
much wider to his advantage. 

Globe sights have been designed for the purpose 
of target work only. These have a protective cov¬ 
ering in the shape of a cylinder which fits over the 
center post or aperture. Because of delicate con¬ 
struction, it is possible to have finer posts and 
apertures than on the open-front sight. Very satis¬ 
factory results are obtained with these sights on 
the rifle range, but still greater improvements are 
possible and probably some day one will be de¬ 
signed that will meet with greater approval among 
the target enthusiasts. 

Factory Sights — Undoubtedly the job of gun- 
smithing most frequently attempted by the average 
rifleman is the alteration or substitution of the 
sights upon his rifle. In past years nearly all fac¬ 
tory arms have been fitted with the cheapest and 
simplest combination of front and rear sights; but 
in the last year or so the tide has turned and one 
can now buy a factory arm fitted with substantial 
and practical modern sights. However, this ques¬ 
tion of proper sights is a much varied and discussed 
matter among sportsmen, and it is seldom indeed 
that the rifle shooter of experience or advanced 
ideas is contented with the sighting equipment 
originally on his rifle. Generally several changes 
will be made before a satisfactory combination of 
sights is fitted. Hence, in this chapter I shall dis* 
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The Lyman 48 sight adapted 
lo the Model 19 and 23 Sav¬ 
age rifles 
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cuss what may at first seem elementary and trivial 
matters to shooters who have traveled any distance 
down the road called “Sights and Sighting.” 

The first and most commonly desired job of 
sight work is the one of removing the factory sights 
and replacing them with other commercial sights 
more to the owner’s liking and ideas. And for¬ 
tunately, as most factory sights are merely driven 
into dovetail slots in the barrel, it is a simple mat¬ 
ter to drive them out again; the only danger being 
the possibility of bending the barrel or springing 
it, and this we can easily avoid. The novice who 
thinks this matter of bending the barrel to be over¬ 
emphasized, should read up a bit on the methods 
by which rifle barrels are straightened. 

Barrel and Tang Sights — Let us assume that 
you have a Model-12 Remington .22 rifle fitted 
with the usual factory sights dovetailed into the 
barrel, and that you wish to replace these with a 
Lyman gold-bead front sight; a Marble’s folding 
leaf in place of the present rear sight; and a Lyman 
No. 2-A combination peep sight to go on the 
tang. Here is an excellent and most practical com¬ 
bination of modern sights for a .22-caliber hunting 
rifle. 

Obtain the new' sights before you touch those 
now on the rifle, and if you specify correctly you 
may rest assured the manufacturers will send you 
ones which will be of a proper height and fit to 
replace those which are being removed. Occasion¬ 
ally, it might be found advisable to send the old 
front sight in order to obtain a new one of the 
same height; should this be necessary, be sure to 
take a fine scribe and scratch a faint mark on both 
the old front sight and what you accurately figure 
to be the center of the top of the barrel; place a 
mark on the surface of the sight towards the 
muzzle. This enables you to replace the old sight 
when it is returned, or to determine the center of 
the barrel when you come to the fitting of the new' 
sight. 

The actual owner of the rifle is about the only 
person really qualified to sight in that particular 
gun to suit his own individual peculiarities of eye¬ 
sight. No factory can guarantee sighting any rifle 
to shoot to its same “point of impact” for a cus¬ 
tomer they have never seen. In that excellent 
work, Military and Sporting Rifle Shooting, Cap¬ 
tain Crossman has devoted an entire chapter to this 
important subject of properly sighting a rifle, and 
I cannot possibly do better than to refer the 
reader to this book. In the instructions which fol¬ 
low I am assuming that the reader is replacing 
the sights on a rifle already sighted in to his own 
style of shooting and eyesight, or one which 


has already been proven to be accurately sighted. 

When removing or setting in the new sights, the 
barrel of the rifle must be supported very solidly 
at a point as dose to the sight slots as possible. 
Clamp the barrel between the felt or lead jaws of 
the vise and clamp it tightly, letting the butt rest 
upon the gun brace. Should the work extend from 
the jaws too much, vibration takes place, and in¬ 
stead of moving the sight from its seat the blow’s 
applied may only upset the base of the sight, or 
the barrel may be sprung. Before knocking out 
the old sight, tap it very lightly at first to find just 
how securely it has been set in. Increase the blows 
just enough to start it loose, then with light taps 
move the sight on over in the slot until it can be 
taken out with the fingers. Always save all old 
sights or other discarded parts from firearms and 
put them in the “glory box”; one can never tell 
how handy these old parts may be on some future 
job. 

Barrel sights are always driven into their slot 
from right to left—the barrel pointing away from 
you as in the act of firing; hence, old sights are 
driven out from left to right. The old sights 
should always be driven out with a short piece of 
soft copper rod, for there arc times when a brass 
rod will upset and mar the ends of the sights badly, 
especially when they have been driven in very 
tightly. A piece of 3 /£-inch square copper rod is 
ideal for this purpose. The rear sight comes out in 
the same manner as the front; only, grip the barrel 
in the vise jaws as close to the sight as you can— 
right underneath the slot if possible. 

When setting new sights into the dovetail slots 
they should be driven in with a piece of round hard 
fiber, for this material will not disfigure the edges 
of the sights. If the sight goes in too hard, remove 
and note the bearing surface on the angle of the 
base. Then with a three-square file having one 
fiat ground smooth, its edges sharp, and with the 
correctly ground angle to fit the bearing surfaces, 
carefully file the front edge until it fits the slot. 
Be careful and try often; do not file away so much 
metal that the sight goes into the slot too far. 
Never file out a standard slot if you can avoid it; 
the next sight you try to fit in such an enlarged 
opening may be too loose. 

Often the reverse conditions will exist, and the 
new sight is too loose for the slot. If this occurs, 
a small brass or copper shim under the sight base 
may correct it. If it is still too loose, you might 
peen over the edges of the barrel dovetail slightly; 
but this is unsatisfactory, particularly on old arms, 
and it is better to send for a specially made wider 
sight. Or you may have to resort to a gib or 
“Dutchman”—a wedge filed to an angle on the 
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sides so that this piece, when made, will be flat on 
top and bottom with all angles fitting to the sight 
and slot. The new sight is then driven in against 
this and should become very tight. This gib is 
often necessary on the older and more obsolete 
arms, which had their own sight standards and vary 
more or less, some of them calling for sights with 
very broad bases; a gib % inch wide or more must 
be made in order to use our present standard sights. 

Occasionally you may receive a new sight with 
the dovetail base so poorly shaped that it cannot 
be fitted; the angles do not come out sharp and 
the edges are a bit rounded. Or the slot in the 
barrel may prove to have rounded edges. Attention 
must be given such conditions lu see just where the 
bearings are; hold the barrel up against the light 
and see that all angles have perfect bearings against 
each other; otherwise the sight may work loose in 
time. Use a small three-square file for most of this 
truing up and shaping of sight bases, a file having 
one smooth face for safety. The ordinary tapered 
saw file is not suitable for this work. It pays to 
have one or two special files made up just for the 
purpose, and the three-square such as I have men¬ 
tioned is the best. 

When driving in the new sight, do not force it 
to the exact center of the barrel at first; keep on 
the safe side until a few sighting shots have been 
fired for alinement. A range of twenty-five yards 
is sufficient for this check-up. If the sight has 
been driven clear to the center mark on the barrel, 
and if the sighting shots then show it necessary to 
drive it back again, the slot may have been ex¬ 
panded to such a degree that we have a loose sight. 

Getting back to this matter of the Model-12 
Remington which we are to fit with three new 
sights, I may state that I have often changed the 
entire sighting equipment of such a rifle without 
the firing of a single sighting shot, and yet had 
the rifle shoot to the same center of impact as 
before. When three sights are to be fitted it is 
really very simple, assuming the rifle has already 
been correctly sighted. You first fit the peep sight 
on the tang, checking it for alinement with the two 
barrel sights already in place. It is surprizing to 
see how many times the mere tightening down of 
the new sight in the tapped threads is all that is 
necessary; nur sight manufacturers deserve credit 
for the tolerances they work to. Once secured 
tightly and found to be at right angles, the new 
sight can be adjusted for point-blank range; this 
will be referred to laler. Then drive out and re¬ 
place the rear barrel sight, checking it for aline¬ 
ment with the other two. It may be added here 
that this arrangement calls for one of the folding 
type of rear sights, as there is no virtue in having 


three sights in use at one time; the only purpose 
in placing a rear barrel sight on in conjunction 
with a tang peep is for use as an emergency sight 
or occasionally to check the alinement of the 
regular sights. Normally this folding sight is kept 
down on the barrel. With our folding rear sight 
correctly fitted and in alinement, it is a simple 
matter to drive out the old front sight and replace 
the new one in line with the other two. This 
method always gives two alined sights with which 
to check, and while I do not always recommend it, 
it is entirely practical. Should you wish to replace 
the two old barrel sights with a tang peep and 
front sight only, the rear barrel sight is replaced 
with a slot blank, and in case you use the fitting 
method I have just outlined, this would be the last 
of the three sights to be replaced. 

Tang Peep Sights — The trend of today 
among rifle shooters is for the use of the rear peep 
sight, generally of the Lyman design. All modern 
factory arms make provision for the application of 
such sights. The rifle comes with tang drilled and 
tapped with the proper thread, and these have been 
filled in with dummy screws, easily removed at a 
later day when the peep siyhl is installed. All the 
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Lyman 103 microm¬ 
eter tang sight. 

Click adjustments 
for windage and 
elevation 

commercial makes of tang sights are provided with 
special screws to fasten them in place on the rifle 
for which they are specified, even to the long tang 
screw which on some models is used as a point 
of fastening. Should you be working on some old 
relic made before the tang sight was known, it will 
be necessary to drill and tap suitable holes to take 
such a sight; this operation will be described later. 

To attach the tang sight, first clean off the tang 
and the under face of the sight base, and check for 
fit. Select a screw-driver of suitable size and turn 
in the two screws lightly; then tighten them up 
together, a turn or so at a time. Sight through 
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the aperture and make certain it is in alinement 
with the other sights, after the latter are set at 
zero. It occasionally happens that when this new 
tang sight is screwed down tightly it is out of 
alinement for windage; this is a vital point and one 
which must be guarded against. Check for this by 
elevating the stem to its highest point and then 
sight through the aperture to see if the stem is 
canted any to right or left. If so, you must file 
off one side or the other of the base until the 
aperture is accurately centered over the bore. 
When filing these bases use Prussian blue, and spot 
so that a perfect bearing surface will show on the 
side you are filing; otherwise there may be a rather 
rounded surface on the base which when screwed 
in place may cause more or less rock or spring to 
the sight. It is generally recommended that a strip 
of thin, hard paper be placed under one side of 
the base in order to accomplish the desired results, 
hut the filing is a more workmanlike method. 
Above all, the sight must be set “square” on the 
tang, so that one can elevate for the longer ranges 
and not have the aperture run off to one side or 
the other. 

After having everything correct and the sight 
perfectly square on the tang, tighten it firmly with 
the screws, and again check for alinement. It will 
now be necessary to sight in for elevation at the 
shortest range at which the sight will be used, and 
to lock the sight so it cannot be screwed below this 
setting. This is readily done by inserting the small 
pin which fits into the base of the stem, and filing 
off the end; the exact arrangement varies with 
different makes and models. It may require two 
or three trials before the correct amount is filed off, 
so go slow with the file when removing metal off 
the end of pin. 

In practise, the fitting and adjustment of these 
tang sights is a most simple and easy operation. 
Guard against getting a sight screwed down which 
is not square and which will therefore change its 
windage when elevated; and be sure to select and 
use a screw-driver which fits properly into the screw 
slots. Nothing looks quile so bad about a tang 
sight as to tear out the slots on these two screws. 

Occasionally the shooter with an experimental 
turn of mind will desire to fit a tang sight on an 
old rifle not tapped for such sight bases; or to use 
a tang sight designed for, and with a base drilled, 
to fit some other model rifle. This necessitates the 
drilling and tapping of one or two suitable holes 
in the upper tang strap—an operation easily done. 
Use the desired sight base as a templet; aline and 
scribe it to the proper place; clamp it with suit¬ 
able clamps; and then drill and tap the screw 
holes in the manner described further along for the 


fitting of a receiver sight or for telescope barrel 
blocks. The operation is exceedingly simple, as the 
boles run clear through the tang and arc very easy 
to tap out. 

Front Sights — The method of cutting dovetail 
slots into the barrel proper is an old one and is 
frowned upon by the present-day rifleman. Today 
we find modern rifles being made with sight bases 
milled integral with the barrel; this base is dove¬ 
tailed, or is slotted lengthwise, and the sight blade 
held in place by a pin. The Krag and Savage rifles 
are examples of this latter method, and such blades 
are easily changed. To remove such a sight, clamp 
the rifle muzzle in the protected jaws of the vise 
and drive out the old pin with a small drift. If a 
real job is desired, throw this old pin in the “glory 
box,” ream out the hole a bit, and tap it for a 
2 x 56 machine screw. Countersink or counterbore 
on one side to accommodate the screw head and 
file down the latter so it will come flush with the 
base. Finish neatly, both ends of the screw to be 
flush with the base, and if necessary deepen the 
screw slot so that at any future time it may readily 
be taken out and the sight changed. 

The Springfield Model 1903 rifles come equipped 
with a front sight fitted in a movable stud which 
goes into a dovetailed base; an excellent design and 
one easy to replace with no possibility of injuring 
the barrel. New movable studs arc easy to obtain, 
and there are a number of fine target and hunting 
sights on the market which readily replace the 
service blade. Occasionally we pick up a pre-war 
Springfield with its front-sight stud perched out to 
one side in order to zero the rifle; this can be 
remedied by obtaining a new stud, fitting it in the 
center, and then drilling it by inserting a drill 
through the screw hole already in the fixed stud. 
This gives a smooth finish when we look over the 
sights, and all zeroing can be taken care of by the 
adjustable zero on the receiver sight with which the 
rifle is now undoubtedly fitted. 

Fitting Front-sight Bases — Now and then we 
find it necessary to cut off a barrel in order to 
shorten it, or to repair a damaged muzzle; and this 
makes it necessary to arrange some provision for 
the new front sight. Today, the prevailing fashion 
is a ramp sight, but it is often the best plan to fit 
some sort of a base similar to the fixed stud on the 
Springfield, which is really a ramp sight without so 
much incline to the rear. I shall briefly describe 
the manner of fitting such a sight. 

The parts required for fitting the standard 
Springfield front sight and base are as follows: 
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1 stud, movable, assembly 1 pin, from sight 
1 stud, fixed I sight, front 

Any member of the National Rifle Association can 
purchase these very cheaply from the Director of 
Civilian Marksmanship; in fact they can be pur¬ 
chased much cheaper than they can possibly be 
made. 

The operation consists of starting the new stud 
over the end of a large barrel and boring it out to 
a proper fit. In most instances it will be found 
best to fit this stud on over the barrel before it is 
cut down to the new length. Tap it up as far as it 
will go with a piece of brass, and then peen lightly 
all over the encircling barrel band with a light 
hammer until this stretches the band so it can be 
forced on a little further. Continue alternately to 
peen and drive on the band until the sight is in its 
final position; it may be found necessary to strike 
down the barrel sufficiently to get it back to this 
final place. When accurately fitted in position, cut 
down the barrel and crown the muzzle. 

This fixed stud may be either sweated or pinned 
in place, or both. Assemble the barrel and action, 
and line the sight base up vertically; then faintly 
scribe the necessary alinement marks. Take off 
band, and tin both barrel and inside of band; then 
sweat band back in place. Take a very small round 
Swiss needle file, insert it through the small hole 
in rear end of stud, and file off the contour of barrel 
surface inside this hole. Then drill out hole 
through stud with drill a size larger, which makes 
a smooth job, and drive in a pin made from a piece 
of drill rod. The barrel should be ready to polish 
for bluing. 

Now that the fixed stud is attached in its new 
position it is an easy matter to fit the movable stud 
in place. All the various sight companies furnish 
a variety of bead or target sights to fit this standard 
Springfield fixed stud, and these may be inserted 
with no trouble whatever. In case you want to 
obtain a sighting line as close as possible to the 
bore, it will pay to obtain the regulation movable 
stud. Fit it in place and fire the rifle for the re¬ 
quired height of front sight, filing off the blade 
until the lowest practical height is obtained. This 
filed-down movable stud can be mailed to the sight 
company with a request to send you the desired 
sporting sight of a height similar to the sample sent. 
Or possibly you may wish a blade of extreme height 
in order to clear telescope blocks. 

The skilful workman can readily make up his 
own front-sight base on the general order of the 
Springfield fixed stud with no other tools than a 
hack-saw and files. 

Ramp Front Sights — The use of the ramp, or 


inclined and matted plane leading up from the top 
of barrel to the sight blade or bead, is becoming 
increasingly popular among our sportsmen. At the 
present time it is possible to purchase excellent 
ramp front sights from the various private manu¬ 
facturers. In Volume II, Chapter XIX, I describe 
and illustrate twelve different sight ramps which 
may be made, but in order to make this chapter 
complete I shall describe briefly the fitting of 
various sights to the ramp after it is made and 
the fitting of such commercial ramp sights as may 
be purchased. 

The sweating or brazing of the ramp to the bar¬ 
rel is described in Chapter XXVI, but a brief 
outline of the method will be given here. The 
height of the ramp is governed by the sight to be 
used and the height of the rear sight. After this is 
estimated and the correct height of the ramp 
arrived at, the top is filed off, and the ramp drilled 
and countcrborcd to take a 5 x 40 or 6 x 48 screw 
with a fillister head and then marked for position 
on the barrel, leaving a clearance of about % inch 
from the muzzle. This must be set up square and 
clamped tightly in place, and the hole is then 
spotted and drilled in the barrel. Too much care 
cannot be taken when drilling this hole to avoid 
going too deeply, and possibly breaking through 
into the bore. The depth should take but three or 
four threads of the bottoming tap and the tap drill 
used must be ground very flat on the end so that 
all threads are secured to the bottom of the hole. 
Mark the spindle of the drill press or the drill for 
correct depth on this operation. After the hole is 
tapped, the barrel and ramp are each tinned and 
the ramp again placed in its proper position. Re¬ 
heat just enough so the solder is melted, pull the 
screw up tight and allow the parts to cool. 

The slots which are placed in these ramps may 
be for the standard factory dovetail front sights 
as illustrated in the Lyman catalog. A lengthwise 
dovetail slot can be filed in, altho the former will 
require a vertical milling machine or a small milling 
attachment. These sights are most satisfactory 
when the sides of the sight are filed flush with the 
ramp, and a sight cover made from tubing and 
fitted into a lengthwise slot filed to receive it, 
which will make a most complete and pleasing 
arrangement. 

The caterpillar type of front sights as made by 
Lyman and Marble are most desirable for use in a 
ramp with the slot milled lengthwise, but arc ex¬ 
pensive and often troublesome to fit. They come 
in various heights and it is an easy matter to secure 
the desired elevation. Often, however, the fitting 
of these sights is a job for a highly skilled mechanic 
with suitable milling equipment, and it is generally 
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advisable to send the barrel with ramp fitted in 
place, together with a dummy sight of the desired 
height, to the sight maker and have him complete 
the work properly. All the necessary operations 
for this will be found in Volume II. 

Caterpillar sights, and such others as are fitted 
into lengthwise slots on the barrel ramps, may be 
locked in place in a number of ways. The sight 
base may be made a driving fit and driven into 
the slot from the rear, and then recoil will tend to 
keep it from loosening. Or it can be filed off at 
the base to a sliding fit (one readily interchanged), 
and then held in position by one of the methods 
shown in Chapter XX, Volume II. These drawings 
are sufficient to enable any good mechanic to make 
cither device with no trouble, but I consider the 
plunger catch illustrated to be the simplest to make 
and also the most dependable when locked in place. 
It can be turned from a piece of %o-'nch drill rod. 
Possibly the simplest locking method would be to 
tap the ramp for a small screw to fasten the sight. 

Rear Sight Bases — Quite often it will be de¬ 
sirable to fit a folding rear sight on a barrel not 
slotted; and present ideas advise strongly against 
the cutting of any slots in a barrel. Some riflemen 
ridicule the idea of any sight in such a place, but 
there is so much possibility of an accident hap¬ 
pening to the rear aperture or receiver sight that 
in many instances this reserve sight is very advis¬ 
able. It is particularly useful from time to time as 
a check to see if the adjustment screws on the 
peep sight have been moved or tampered with by 
some curious bystander. 

The most satisfactory method of securing a rear 
sight to the barrel not slotted is by means of a solid 
base sweated and screwed in position. This is 
especially applicable to remodeled military arms 
where it is necessary to carry considerable elevation 
on the rear sight in order to clear the receiver. 
Both width and length of the new base may be 
governed by the new sight intended to be used— 
whether a series of folding leaves or the usual fac¬ 
tory standard. 

Figure 116 illustrates a three-leaf folding sight 
made on a special base bored out of a 2 x 2 inch 
block of steel; four bases are obtained by this 
method. But if one is adept with a file it is easy 
to file one from a square piece of steel about the 
same width as the desired sight. After the correct 
contour of the barrel is filed out, the rear and front 
ends are filed to some artistic shape; the height is 
then filed down, after which the dovetailed slot may 
be placed in w’ith a three-square file. A small hole 
is then bored in each end and counterbored to 



Fig. 116 


Illustrating how leal-sight bases are applied to sporting 
arms. This is the most practical and artistic method 


take the heads of suitable small screws. Polish the 
base neatly and then square it up in place on the 
barrel; drill shallow holes for the intended screws 
and tap them in the same manner and with the 
same care as advised for a ramp front sight. After 
this the sight base and barrel are properly tinned 
and the base screwed into place and heated enough 
to melt the solder; the screws are now pulled up 
tightly and the work allowed to cool. A base fitted 
in this manner will never become loose from 
vibration. 

Another method that I do not care for is to make 
a hand to encircle the barrel, with the sight driven 
into a slot on top. The proper construction of this 
sight-base hand requires a lathe and milling ma¬ 
chine operation, and even when neatly fitted it 
looks rather out of place. The old Newton rifles 
had just such an arrangement, but the band was 
locked in place with a set screw into the bottom of 
the barrel. The Winchester Model 54 has this sight 
base integral with the barrel; but this base is placed 
in rather a low position and looks very well. How¬ 
ever, the longer base such as I have described 
above, when properly fitted and sweated to the 
barrel, looks much better, even tho you are going 
to use but a single sight leaf; it appears to add a 
touch of individuality. 

Receiver Sights — The popular sights of the 
day are the aperture sights which fasten to one 
side or on top of the action or receiver of the rifle. 
From an optical standpoint this is not as desirable 
a position as on the tang of the rifle, as it moves 
the aperture away from the eye somewhat and de¬ 
feats the great advantage of a peep sight, which is 
to have it as dose to the eye as possible. However, 
on a bolt-action rifle and on many of the lever ac¬ 
tions it is impossible to place a sight in line with 
the travel of the bolt when the action is functioned. 
Hence the “receiver’* sight, the best example of 
which is the well-known Lyman 48 and its many 
modifications for various types of rifles. 
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Recent years have seen this Lyman 48 type of 
sight being widely adapted for use on many types 
of rifles whose construction and action permits the 
use of the older tang sight. The receiver sight 
offers an advantage over the tang sight in that it 
is more solidly fastened, the aiming aperture being 
better supported and not having the lost motion 
of the long sight stem on a tang sight; and the 
windage adjustments are more accurate and 
positive. 

Practically all these receiver sights are alike in 
principle and construction; a steel block forms the 
base, and this base is shaped for practically a finish 
fit to the action for which it is intended and on 
which it is permanently screwed. An adjustable 
elevation slide rises from this base, having a cross 
arm extending across the action and line of bore; 


have a fiat surface which can be laid upon parallels; 
this is the working surface to do all laying-out 
from. The Springfield, Mauser, Enfield, Krag ; 
Remington 30, and Winchester 54 all have a flat 
under-surface on their receivers. Single-shot and 
lever-action rifles must be squared up with the 
sides of the action by placing the square along this 
action side and on the surface plate. 

Having brought the under side of the sight base 
to a known contour and both surfaces in direct and 
full contact, clamp the base to the receiver in ap¬ 
proximately the correct position, using either “C” 
or parallel clamps on the receiver. With a try- 
square on the surface plate, true up its side surface, 
shutting out all light from the upright blade of the 
square. Now test the base for square on the front 
side, which should be the same as the face. If it 



Special extensions lor aperture sights. Used mostly by the target shooter on caliber .22 rifles 


this cross arm carries the aiming aperture and has 
adjustments for lateral travel. The adjustments on 
both stem and cross arm are accurate and positive, 
and the general mechanical construction of the 
sight is excellent, micrometer movements being pos¬ 
sible for either elevation or windage. 

The Lyman 48 sight is best known for its almost 
universal use on the Springfield rifle, and a de¬ 
scription of the correct method of attaching it to 
the receiver of this arm will answer for the others. 
Invariably the sight fits properly over the contour 
of the receiver, and it is seldom necessary to do 
any further fitting here. Still, it is well to test 
this bearing with the elevation slide up to its full 
height and note if there is any leaning of the 
aperture to right or left; if so, it will be in order 
to do some spotting and work off the necessary 
surfaces from the face of the sight base. 

The sight having been found to fit snugly and 
properly to the receiver, there remains the set-up 
for drilling. It is necessary to strip the rifle from 
its stock and take out the bolt. Nearly all receivers 


is square from both positions, tighten the clamp, 
and then recheck to see that the base was not 
moved during the clamping operation. A base 
“square” in this manner is suitable for a hunting 
rifle where the sight is seldom elevated to extreme 
ranges, but is mainly used for slight changes to 
adapt it for various lots of ammunition or different 
velocity cartridges. 

Should you desire to use the rifle for long-range 
target work in match shooting with service am¬ 
munition, it will be necessary to set the sight 
slightly out of “square,” or leaning to the left in 
order to take care of the “horizontal deviation” or 
“drift” of the bullet. However, I doubt if many 
owners of sporting Springfields will go to this 
trouble, as the regulations in most of our national 
matches require the use of the service Springfield 
“as issued.” Should it be necessary that you fit 
a Lyman 48 sight to offset the effects of “drift” 
at the bullet’s most important ranges, you must 
carry the sight base on a slight angle to the left. 
To secure this correct angle, get a Springfield drift 
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slide and clamp it squarely to an angle plate; then 
with a bevel protractor take the exact angle of the 
side of this drift slide. With the protractor set 
to this same angle, set your sight base accordingly 
and clamp it firmly in place. The sight will not 
look very well when slightly at this angle to the 
left, but it is entirely practical and appearances do 
not count on a target arm where the scores ob¬ 
tained are the main object. 

Have the sight base in its absolutely correct 
position and clamped tightly with the parallel or 
“C” clamp so situated that the drill chuck will not 
hit in on its downward travel, or allow any chance 
of a slip or other misadjustment. 

Whenever setting a sight or base on a receiver 
or barrel, it will be well to scratch a line on both 
ends or the corners, to verify the set-up for loca¬ 
tion; then it will always be possible to tell if the 
piece has moved at any time. At this stage of the 
operation the holes are ready to spot, drill, and 
tap. 

Drilling and Tapping for Sight Bases — 

Nearly all sights and bases have two screw holes, 
by means of which they are fastened to the barrel 
or receiver with two finely threaded screws. The 
exact centering of these screws through the screw 
holes is important, and in order to do this it is 
best to begin by selecting a drill which will just 
pass through the clearance holes in the sight base. 
With this large drill the exact center of the hole 
is “spotted,” after which we follow on through with 
the proper-sized or “tap” drill. Having the receiver 
or rifle on parallels or V-blocks, place it on the 
drill-press table and first use the spotting drill. 
Care must be observed to secure a center in the 
metal with this drill sufficient only to enable the 
proper tap drill to follow; a common error is to 
allow this large spotting drill to pass through by 
not remembering to change it after the center is 
secured. If you do not happen to have a drill 
press available for this operation and must use a 
breast drill, place the rifle in a vise between felt 
or lead jaws and proceed in that manner. By drill¬ 
ing the holes according to this method the sight 
or base acts as a drill jig. 

Having spotted and drilled the holes as outlined 
above, and being certain the clamps or base have 
not moved throughout the various stages of the 
operation, complete the tapping of the holes with 
the sight or base still in position. By this means, 
the clearance holes act as a guide to square the 
tap, enabling the screws to be pulled up square 
and even against the base. 

A rather common error is that of removing the 
sight or base after spotting the holes, then using 


the tap drill and not securing the same set-up. 
The hole is seldom tapped square, and the opera¬ 
tion usually ends with the base out of square, 
which strips the screws in their holes. If this 
should happen, use the next larger size screw; but 
this time square the hole and use the correct tap 
drill for the intended screw. 

After the tap drill has been put through the 
hole, use the bottoming tap, tapping down to 
within Yiq inch through the receiver. Tap the 
holes with the base still in position as outlined 
before, as this will allow the screws to be pulled 
down perfectly even and tight. After the holes are 
tapped, remove the base and drill the % 6 -inch 
web out of the base so the screws will be free. 

Whenever drilling with the tap drill, after having 
the surface spotted with the body drill, care must 
be taken to keep the drill alined in the center of 
the hole in the base. The exact depth to which you 
drill will depend upon the thickness of the parts 
you are drilling into. Always measure for the depth 
intended, and then mark it on the spindle of the 
drill press or on the drill shank; come down to this 
mark and no further. Naturally you must drill 
deep enough to secure sufficient threads for 
strength to hold the parts securely in position. 
Bottoming drills must be used and also bottoming 
taps to secure full threads to the bottom of the 
holes. Taps come in sets of three: starting taps, 
regular taps, and bottoming taps; or No. 1, No. 2, 
and No. 3 taps. When shallow holes are to be 
tapped it is usually best to start with the regular 
or No. 2 tap, and complete the job with the bot¬ 
toming or No. 3 tap, thereby getting the threads 
cut squarely to the bottom. 

With all this finished, the sight base may be 
screwed down into place. First, coat the screw 
threads with sperm oil. Further advice is to use a 
screw driver of the correct width in order to avoid 
marring the slots in the screw heads. 

Drilling Hardened Receiver — Practically all 
the receivers of commercial manufacture and on 
recent Springfield rifles can be drilled by using a 
high-speed drill, as the surfaces are not hardened 
as deeply as they were a few years ago. Many of 
the older Springfield receivers were so hard that 
it was impossible to make an impression on their 
surface with a drill of any kind, and it may happen 
that you have one of these on which a receiver 
sight is to be fitted. The Krag also had an action 
and receiver on which a drill would have no effect. 
When the receiver is as hard as this, the location 
where the holes are to be drilled must be annealed 
properly by heating in order to draw the hardness 
from around this one spot. This requires a bit of 
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care and caution, otherwise you may overstep mat¬ 
ters and anneal parts of the action which require 
the correct heat treatment. 

First locate the exact position where the anneal¬ 
ing is to take place; this is readily done by holding 
the sight base in its proper location and scribing 
through the screw holes on the action. Polish this 
spot between the two holes with fine emery cloth to 
remove all bluing, and leave bright the location 
where the screws are to be placed. Moistened clay 
or wet asbestos may then be worked around this 
elongated opening, and might as well be placed 
about the opposite parts in order to prevent an¬ 
nealing the cams, etc. 

To anneal, use an acetylene torch, gas burner or 
blow torch. With the torch, direct the flame into 
the opening and closely watch the color of the steel 
as it changes with the different degrees of heat: 
light straw, straw, purple, blue, dark blue, and 
finally a grayish appearance. At this stage the 
flame is turned off and the receiver allowed to cool. 
This treatment will properly anneal a receiver, 
making it possible to drill and tap with freedom; 
and the surrounding metal will not be injured in the 
least. One may now continue to set the base in 
place and proceed as outlined before. 

If you should encounter difficulty in drilling a 
receiver, stop and apply the above method for the 
purpose of tapping the holes. There are various 
methods which may be employed to force a drill 
through toughened metal, but we must keep in mind 
that a piece of metal can often be drilled when it 
cannot be tapped. It usually happens that our tap 
breaks in the hole or is broken coming out, because 
most of the cutting edges are stripped off the teeth. 

The annealing of a receiver at the place where 
most receiver sights are located does not harm the 
action. The early Springfield receivers were much 
too hard, and if one of these is encountered—on 
which a file cannot touch the surface—it is well to 
ship it back to the Arsenal where they can draw 
the temper to a point where a greater safety factor 
is possible. This old idea of an action being glass- 
hard w r as a set rule for the first Springfield, but they 
gradually came to a point where they learned that 
this was not required. Accordingly, in those early 
days the advice given was to anneal only the exact 
spots where the screw’s were to be placed. Today 
this may safely be disregarded and you can anneal 
a liberal spot between these two screw holes when 
you cannot get the drill to cut with freedom. On a 
hard receiver it is possible, after a few trials, to 
force a drill through; but remember that these holes 
must also be tapped and no tap will stand up 
through the operation of threading the hole. 

The principles I have just outlined for fitting a 


48 type of sight to the Springfield action will suffice 
for any other model rifle for which a modification of 
this sight is manufactured. On some rifles the re¬ 
ceiver or action is not hardened, and the fitting to 
these is quile simple. If it is an odd model, it will 
be necessary to follow the manufacturer's instruc¬ 
tions, which always come with each sight. On some 
of the earlier sights, such as the Lyman 33, 34, etc., 
it is necessary to drill one of the screw holes at a 
slight angle in order to have the screw fit tight, 
by using the base as a templet and keeping the 
drill and taps well centered through the screw’ holes 
it is easy to get this angle correctly. 

When you have the sight properly fitted and 
screwed on the receiver, it will be necessary to 
notch out the stock in order to accommodate the 
sight base properly. Read over the instructions 
relative to this in Chapter X (Modeling and Final 
Shaping), as it is important not to have this notch 
fit so closely that recoil will work the base loose. 

Cocking-Piece Sights — We now come to the 
corking-piece sights, a type which reached the 
height of its popularity a few years ago, but which 
has since declined somewhat in the eyes of the 
rifleman. The advantages claimed for the sight 
mounted on the end of the cocking piece are: 
longer sight radius, aperture closer to the eye, sim¬ 
plicity of mounting, and non-interference with the 
shooting hand when aiming—a fault we sometimes 
find in a sight mounted on the tang. Also, a sight 
so mounted harmonizes very well with the outlines 
of the hunting rifle. But such a mounting also has 
serious disadvantages and its use is dying out. For 
one thing, it is a source of danger from recoil on a 
short-stocked or heavily recoiling rifle, particularly 
to the person who wears glasses. In firing from the 
prone position the sight may be driven back into 
the eye or forehead. Then the added weight of the 
sight seriously affects lock time and consequently 
ignition of the cartridge. And finally there is an 
odd feeling when the firing pin falls which affects 
the calling of the shot; one instinctively attempts 
to center his bead again in the aperture as it jumps 
forward, and this is especially pronounced in the 
case of the skilled shot. 

However, there are men who simply must try one 
of these sights, and for the benefit of such we will 
tell about the fitting of them. A model without any 
windage adjustment is greatly to be preferred; the 
adjustable models carry too much weight for the 
cocking piece, and because of the fine mechanism 
and fitting it is difficult to keep tight the conven¬ 
tional dovetail arrangement which moves the ad¬ 
justment for windage. Better have the lightest 
weight and be content with elevation alone. 
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To fit a cocking-piece sight to the Springfield or 
Krag it is necessary to anneal the end of knob and 
mill a dovetail slot through its center. If you have 
a milling machine available to cut the slot it is an 
easy matter to get it perfectly square by holding it 
in the vise 90 degrees or horizontal on the lug. 
The rounded part must first be faced off before this 
dovetail is cut, and then the base of the sight will 
bear against a perfectly flat surface. The qualified 
operator of a milling machine will have no trouble 
in accomplishing these operations. 

This slot may be filed out if care is used; but it 
is usually wise to dismount the bolt and mail the 
cocking piece to the sight manufacturer, who is 
fully equipped to dovetail the knob and at the same 
time mount the sight properly. But you may wish 
to attempt the mounting of the sight yourself, in 
which case you must fist anneal the knob. Wrap 
wet rags around the body of the cocking piece and 
expose the end to the flame of an acetylene torch 
or blow torch until a very dull red appears, and then 
allow it to cool gradually. Before you attempt to 
file the slot, the face must first be filed off to elimi¬ 
nate the rounded end. Square this off properly and 
then coat the face with coppering solution. Clamp 
the lug in a small bench vise or against the face of 
an angle plate. With a surface or height gauge 
working from a surface plate, lay out the slot on the 
face to the smallest width of the angle. A small, 
square file is used first to rough out the center to 
the proper depth, or a hack-saw may be first used, 
which will remove even more metal, and the file 
will not have so much to do. Then with a three- 
square needle file having one face ground off to a 
flat, proceed to file out the angles. Try the sight 
often to see that the case fits evenly on the angles 
and does not lean to either right or left; however, 
if you file straight with the layout lines this should 
not happen. When completed, the sight should 
have a tight driving fit. In driving the sight base 


into the slot it must be clamped very close to the 
vise jaws and be held solidly between lead or felt; 
in this instance it is much better to use the lead 
jaws. 

Figure 118 illustrates a cocking-piece sight with 
windage adjustments mounted on a strap and 
screwed on the bolt sleeve of a Springfield rifle. 
The end of the cocking piece was first cut off and 
a ^ ler inch pin placed through it, the ends riveted 
over so that it was impossible to turn out at any 
time, and there welded. With such an arrange¬ 
ment, the sight never moves, but is held in a fixed 
position. This is one of the most practical methods 
of mounting, for it takes the weight off the cocking 
piece and the removal of the knob increases lock 
time. After the strap was screwed into position a 
hole was drilled at a point where the largest amount 
of metal was, and a %j-inch ball bearing inserted 
having a small heavy spring in back of it to take 
up any lost motion in the bolt and sleeve. A 
% 4 -inch hole was first drilled, and then from the 
top a No. 19 drill was used with the cutting edge 
stoned round to approximate the shape of the ball. 
This was used until only a small web remained at 
the bottom of the hole and at the same time al¬ 
lowed the ball to project out some distance. The 
top section of the hole was tapped with a 10 x 32 
tap and a small slotted screw fitted. A heavy spring 
was placed between the ball and screw and the cor¬ 
rect amount of tension applied by adjustment of 
this screw. Such an arrangement eliminates all 
play whatever, and should become a standard fit¬ 
ting when a cocking-piece sight is set on the end 
of a firing pin. (See Figure 100, Volume IT.) 

Special nuts are required when cocking-piece 
sights arc mounted on Mauser, Mannlicher-Schce- 
nauer, and Mannlicher-Hamel rifles. These nuts 
are placed on the end of the cocking piece with two 
small screws; and this, incidentally, is not the most 
satisfactory method to use. If it is at all possible 



Fig. 118 

Lyman 103 sight mounted on the end ol a Springfield 30-03 bolt sleeve. The end ol the cocking piece was cut off and 
welded. Strap was screwed to sleeve and held in position by four screws. Rifle designed for Mr. L. S. Canfield for 

African hunting 
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to braze these nuts in position it should be done. 

When mounting a cocking-piece sight to a 
Mauser rifle, I first make a special nut, braze it in 
place, and then mill the dovetail slot for the sight. 
This is solid and a part of the cocking piece itself 
and will never come loose, as often happens when 
these are only screwed in place. 

The Mannlicher-Schcenauer cocking piece must 
be bored out before the standard nut is used. In 
boring this, make a good driving fit and line up the 
sight at right angles. This is accomplished by driv¬ 
ing in the sight half-way and then checking for the 
vertical position. If it is not just in line, remove 
the sight and turn the nut to the correct position. 
Drill and tap, and place the screws in position; 
then drive the sight to center of nut. A nut thus 
placed on the end of the firing pin will always stay 
in position, but if a loose fit is made in the boring 
operation, the recoil soon shoots it loose. 

I have seen various home-made cocking-piece 
sights, and some were very good in effectiveness and 
in the simple manner in which they were set in 
place. One which I remember very well was stem- 
threaded with an eye on one end similar to the 
aperture on a cocking-piece sight. The cocking 
piece was drilled and tapped and this screwed in 
place just behind the knob. It required some effort 
to turn it, as the stem was made to screw in very 
tightly. An arrangement of this nature is often 
very simple to make, and when once set correctly 
for the necessary range will probably prove all that 
is required. The more simple a sight is made, and 
the fewer parts it has, the less liable it is to come 
out of adjustment. I have also noticed a number 
of different ideas worked out and applied to the 
sleeve of the Krag rifle, being fastened by one or 
two screws. On one Krag in particular, the owner 
had fastened a Newton rear aperture to the sleeve 
in a most novel manner. Of course, most of these 
sights had no means of adjustment, but then this 
was not required in many of them. 

After having fitted the desired sight to the cock¬ 
ing piece to 3 r our satisfaction, it may be discovered 
that the gun misfires, “percussion 9 having been 
affected by the weight added to the firing pin. This 
calls for faster lock time; probably a stronger and 
heavier main spring will be needed. 

Enlarging Aperture — There are certain small 
changes and improvements to peep sights which the 
shooter may find it advantageous to make, and 
which I have not touched upon. One of these is to 
enlarge the aperture in a peep-sight disc. The 
existing hole may be too small in diameter, and it 
will greatly improve your shooting to open it a 
trifle. This is done with a small broach or reamer 


such as used by watchmakers; it may be purchased 
from the sight manufacturers or from dealers in 
jeweler supplies. Such broaches are tapered slightly, 
and should be used from the front side of the disc, 
which retains a sharp edge to the aiming side of the 
aperture and dues away with any reflection while 
aiming. Enlarge the aperture a little at a time, and 
if the broach should leave a burr around the edge, 
this can easily be removed by the use of a small, 
three-cornered scraper. After the correct-sized aper¬ 
ture is obtained, the disc should be heated in the 
flame of a Bunsen burner or alcohol lamp until the 
bright glitter of the metal is replaced by the dark 
blue of oxidation. 

Loose Sight Screws — There are actually but 
two legitimate complaints against the modern re¬ 
ceiver sight: First, “somebody” moved the adjust¬ 
ment screws “to sec how it worked”; and second, 
the screws work loose and permit the sight base to 
slip and often to drop off and become lost before 
this is noticed. The former complaint we shall 
have to leave to the mercies of the fool-killer for 
action and correction, but the latter is a complaint 
generally due to ignorance or poor workmanship on 
the part of the individual who fitted the sight. 

A loose receiver sight is invariably due either to 
crude and worthless tapping of the screw threads, 
or to the use of the wrong taps in tapping out 
these threads. In the first case, the threads are 
generally found to be “tapered out” at the top or 
torn away through the improper backing-out or 
breaking of the tap; all caused by the fact that the 
receiver was not sufficiently annealed to start with, 
and could not be properly tapped out by any one. 
In the second case, we generally find that a tap has 
been used with a type of thread or pitch entirely 
different from the manufacturer’s standards. 

The screws supplied by the manufacturers for 
attaching receiver sights and telescope blocks gen¬ 
erally have finer threads than the standard machine 
screws—and threads that are different; these 
screw's and the special taps as supplied by that 
manufacturer are the only ones w'hich should be 
used in attaching his particular make of sight. In 
case you break these taps, better get new ones from 
the same source of supply, and not attempt to use 
the nearest size of standard tap. At best, only a 
few threads can be tapped out to hold, and these 
few threads should be tapped in a clean manner, 
with the sight base clamped in place and acting as 
a jig to prevent the lost space between the drills or 
taps; then you will obtain a clean, parallel hole 
with threads which will grip from top to bottom. 

It may happen that the taps or screws furnished 
by the manufacturer have become lost, and lack of 
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time or facilities prevents the obtaining of dupli¬ 
cates. In this event it will be necessary to drill 
and tap for one of the regular commercial sizes 
which will fit through the screw hole in the base. 
Following is a table of standard threads and sizes of 
tap drills from which a selection may be easily made. 




Number 

Size of 

Sire of Tap 

Diameter of Tap 

of Threads 

Tap Drills 

2 

0.086 

48 

48 

2 

0.086 

56 

48 

2 

0.086 

64 

49 

3 

0.099 

40 

47 

3 

0.099 

48 

46 

3 

0.099 

56 

45 

4 

0.112 

32 

42 

4 

0.112 

36 

41 

4 

0.112 

40 

42 

5 

0.125 

30 

38 

S 

0.125 

32 

37 

5 

0.125 

36 

36 

5 

0.125 

40 

36 

6 

0.138 

30 

33 

6 

0.138 

32 

33 

6 

0.138 

36 

32 

6 

0.138 

40 

31 

6 

0.138 

48 

31 

7 

0.151 

28 

30 

7 

0.151 

30 

30 

7 

0.151 

32 

30 

7 

0.151 

36 

30 

8 

0.164 

30 

28 

8 

0.164 

32 

29 

8 

0.164 

36 

29 

9 

0.177 

24 

27 

9 

0.177 

28 

27 

9 

0.177 

30 

26 

9 

0.177 

32 

24 

10 

0.190 

24 

23 

10 

0.190 

28 

22 

10 

0.190 

30 

21 

10 

0.1.90 

32 

21 

11 

0.203 

24 

19 

11 

0.203 

28 

19 

11 

0.203 

30 

18 

12 

0.216 

20 

18 

12 

0.216 

22 

18 

12 

0.216 

24 

18 

13 

0.228 

20 

17 

13 

0.228 

24 

15 

14 

0.242 

20 

11 

14 

0.242 

22 

11 

14 

0.242 

24 

10 

15 

0.255 

18 


15 

0.255 

20 

7 

15 

0.255 

24 

6 

16 

0.268 

16 

2 


There are various other sizes and types of thread 
used in gun-sight screws, so when measuring a 
screw always secure the correct pitch diameter. 
However, the foregoing table will enable you to 
secure a thread and drill very near to size. When 
in doubt, first drill and tap a scrap piece of metal 
and see if the intended screw fits correctly, before 
you drill and tap the receiver. If a mistake occurs, 
do not try to fit a screw which has a very coarse 
pitch, for it will work loose from the recoil on even 
a .22-caliber rifle. Standard fractional-size taps are 


also used in gun work, and they range from to 
!/£ inch in sixty-fourths. 

Fitting Telescope Base Blocks — The fitting 
of telescope blocks to a rifle barrel is becoming an 
increasingly common operation and one which can 
well be undertaken by the amateur rather than 
sending the rifle to a gunsmith or factory which 
may be many days distant. It is an operation 
which may be either difficult or relatively simple, 
depending upon the tools available and the type of 
barrel on which the blocks are to be mounted. 

With an octagon barrel of heavy weight or of .22 
caliber it is not a difficult job accurately to locale 
and center the two blocks to the flat top, and there 
is little danger of drilling through into the bore or 
chamber. I have seen such jobs done very neatly 
without even taking the barrel from the stock or 
fore-end. But when a round barrel of light weight 
or with much taper is to be fitted up, the operation 
and results are liable to be quite different. In gen¬ 
eral, the faults commonly made when fitting a pair 
of blocks to a round barrel are to place them off to 
one side of the sighting plane, or not to have the 
blocks in proper alinement with each other. Also, 
the average first attempt or so generally results in 
holes not in alinement, with a block pointing off to 
the side; and the screw holes very loose at the top, 
a fault due to the use of a hand or breast drill in 
drilling. 

However, with the proper tools a very neat and 
substantial job is easy to obtain, and the operation 
will be made very simple and easy if you possess a 
drill jig such as illustrated in Figure 119. With 
such a jig it is possible to do the entire job by hand, 
even using a hand or breast drill, and yet drill holes 
which are clean-cut, perfectly in line, and absolutely 
centered on the top of the barrel. In fact, if you 
expect to fit scope blocks to more than one barrel I 
would advise making or purchasing such a jig by 
all means. 

Assuming that you have such a jig available, all 
that is necessary is to place this jig in position oh 
the top of the barrel and line it up with your eye. 
First, insert a full-sized (No. 31) drill in one of the 
holes, and using this as a gauge, square the jig and 
center it accurately on top of the barrel; the regu¬ 
lar sights may be used to assist in finding the true 
center during this operation. Or you can find the 
true center by means of the square and calipers; 
mark a center line along the barrel tup, and then 
aline the jig to this by means of the center marks 
on each end. After centering, clamp the jig fast 
with the two C-clamps, and proceed with the 
drilling. A hand drill can be used with ease and yet 
the holes will be true and parallel, not reamed out 
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ANY SMALL C CLAMP 
ALTERED TO SUIT 
GRIND TO FIT BARREL 

CUT OFF IF REQUIRED 
TO SUIT V BLOCKS 
FOR DRILL ING 
—LEATHER GLUED TO CLAMP 


SECTION A A 


Fig. 119 

Drilling }ig lor placing telescope blocks on riflo barrels 


at the top by the eccentric motion of the drill, as is 
always the case when attempting to use it or a 
breast drill without any jig or drilling set-up. 

When drilling into the barrel extreme care must 
be taken not to go too deeply; a stop-mark should 
be made on the drill shank and care be taken not to 
go past it. Better test with a depth gauge occa¬ 
sionally. You may find it necessary to fit the rear 
block over top of the chamber; in which event re¬ 
member that in the case of a tapered or bottle¬ 
necked cartridge, the barrel thickness over chamber 
may be less than that further out over the bore. 
Always check carefully as to barrel thickness by 
using a keyhole caliper at the muzzle, and then do 
not drill down too close to the minimum thickness. 
I know of one case where a party drilled so close 
to the bore that he broke through the “web” when 
tapping the threads. A depth sufficient to catch 
three or four full threads is enough; should there be 
any cause for worry as to the blocks not being held 
sufficiently tight, they can be sweated on in addi¬ 
tion to the screws. 

I cannot emphasize too greatly the need of a drill 
jig for the amateur—and gunsmith as well—who 
expects to fit any of his rifies with telescope blocks. 
There is no more trying operation for the novice 


than this fitting of barrel blocks for the first time; 
but with a jig of this nature the entire operation is 
simple and may he performed with only the jig, 
taps and drills, and a common breast or hand drill. 
The jig illustrated in Figure 119 is fitted for drilling 
holes spaced 6, 7.2, and 8.2 inches apart, these be¬ 
ing the distances invariably in use on the target 
rifies today. The flat side of this jig is for use with 
either an octagon or round barrel having little or 
no taper, while the opposite side is intended for use 
in the case of a round barrel wilh an extreme taper 
such as the Springfield, the two leveling screws be¬ 
ing helpful at times in obtaining a square set-up. 
The making of such a jig is easy, provided you have 
access to a shaper or milling machine, or it can be 
purchased. With this tool the amateur can readily 
attain a considerable degree of perfection and at the 
same time is enabled to mount his blocks with the 
rifle assembled and in its stock. 

If you do not happen to have a drill jig to locate 
the holes correctly in the barrel, it is necessary to 
undertake the rather extensive set-up or laying out 
method. First strip the barrel and receiver from 
its stock. Two squares and a surface plate are 
needed in order to aline the sights; if you do not 
have a surface plate, provide some long, true sur- 
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face in its place, such as a large piece of heavy 
window glass or a large planed board. Place the 
barrel and receiver on this, the barrel resting in V- 
blocks. It is first necessary to get the barrel and 
receiver at a perfect right angle to the plate, and 
in the case of most receivers which have a flat 
under-surface, one V-block may be dispensed with 
and parallels used. Two squares are used; one with 
its heavy end resting on the receiver flat and the 
thin blade pointing down, while the second square 
is resting upon the surface plate. The barrel is 
then rotated until the two thin blades of the squares 
block out all light, which shows that both barrel 
and action are now in a vertical position. 

Having once placed the barrel and receiver at 
right angles with the surface plate, this position 
must be absolutely maintained throughout the op¬ 
eration or until the telescope block is securely 
fastened with a parallel clamp in its correct posi¬ 
tion. This is readily done by clamping the barrel 
to the V-block. Clamps are furnished with each 
set of commercial V-blocks. This is shown in 
Volume II. 

Now clamp the rear telescope block at its ap¬ 
proximate location, using a parallel clamp; this 
clamp is not screwed very tightly at first. Place 
your small square on the top of the block, and have 
your second square on the surface plate to come up 
and meet the blade until all light is shut out. When 
placed thus, the rear block or base will be in abso¬ 
lute line and at right angles. A further check on 
the receiver is now in order, to see that it has not 
moved while all this clamping and testing is being 
done; then if everything is all right you can tighten 
up on the parallel clamp and proceed with the lo¬ 
cating and clamping of the front block. 

The front telescope block is now fitted in this 
same manner, after the proper distance is secured 
between centers. These bases are generally set 7.2 
inches apart, as this distance permits adjustments 
which give a movement of % inch per hundred 
yards for each graduation on the telescope mounts. 
Another spacing between blocks is 6 inches apart, 
this being all the distance one can obtain with the 
Lyman telescope on the Springfield rifle and yet 
have both blocks mounted on the barrel where they 
belong. The 6-inch spacing gives a coarser adjust¬ 
ment of shots—about 0.6 inch per hundred yards 
for each graduation. Another common spacing is 
the 8 or 8.2 inch centers which are used to give 
greater support or to accommodate construction of 
some of the larger and heavier glasses, and the dif¬ 
ferences in movement of the telescope can be figured 
out by actual shooting on the range; it should be 
about 0.4 inch. 

This question of distance between mounts, and 


particularly the exact locating of those mounts on 
the barrel, are matters the shooter must solve for 
himself. It depends upon a number of things: the 
exact make and model of the telescope; its power 
and eye relief; the position the gun will be fired 
from; and whether or not the glass is to be left on 
the gun or will be taken off at intervals and the 
iron sights used in its place. The eye relief is the 
main consideration. The more rabid target cranks 
often have three blocks on their barrels to obtain 
full eye relief, and then use the telescope in one 
location for the standing position and another loca¬ 
tion for sitting or prone. I shall not dwell on this 
matter of location of the blocks, but can do no 
better than to refer the reader to Captain Cross¬ 
man’s recent volume, The Book o) the Springfield , 
where there are three very complete chapters on 
the various types of telescopes, their proper location 
and all about them. 

There is one point I shall stress, however; I am 
a firm believer in placing both telescope blocks on 
the barrel of the rifle. In my opinion the receiver 
or action ring of a rifle is no place for one of these 
blocks; the receiver ring of the Springfield and 
similar rifles, especially, is not the place where the 
drilling and tapping of screw holes should be 
countenanced. 

In a previous paragraph I mentioned leaving the 
telescope on the gun at all times. I find a growing 
number of rifle shooters in this catagory, men who 
do all their shooting with the telescope and who, 
once their glass is set, never touch the adjustments 
or mounting of the instrument under any circum¬ 
stances other than to keep the gun shooting “to 
center.” Despite all the good things told about 
telescope mounts, there are many of them which 
cannot be taken off the blocks and returned to place 
without again sighting in the rifle. There is a 
small item of consideration here which may help 
many of these shuoters, and that is to locate their 
rear barrel mount about 2 inches ahead of the re¬ 
ceiver and not up against the receiver, as is the 
usual method; provided, of course, that eye relief 
and length of tube permit such a mounting. The 
advantage of such position is that when cleaning 
the bore or action of the gun, the eyepiece of the 
telescope can readily be shoved forward over the 
barrel, where it will not be in the way of the opera¬ 
tion and where the eye lens will not become coated 
with oil or be scratched by some cleaning fixture. 

Having both telescope blocks accurately fitted 
and centered on the barrel, with the parallel clamps 
very tight, we are now ready to proceed with the 
drilling of the screw holes. Too much care cannot 
be taken in this operation; drill only to the correct 
depth and no more. And do this drilling with a 
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drill press; never attempt it with a hand or breast 
drill, as the circular movement or eccentric motion 
of the handle of these tools will result in a tapered 
hole; the holes will also invariably run off center. 
Do this operation on a drill press where the drill 
attains a good rate of speed, and mark tho spindle 
so that the correct depth will not be passed. First, 
“spot” the centers of each hole with a drill just large 
enough to pass through the screw holes in the blocks 
(this takes a No. 27 or No. 28 drill); then finish 
with the correct-size tap drill, which is invariably 
the No. 31 drill for standard-size blocks as now 
furnished. On a thin-walled or very light barrel it 
will probably be best to drill a little short of the 
final depth and then '“bottom” or square-out the 
hole with an end-mill or bottoming drill; the latter 
is made by grinding a No. 31 drill flat, as de¬ 
scribed in Chapter IV. 

The boles being properly drilled, now comes the 
tapping. Be very careful here. If you have not 
previously done much tapping of threads, better 
leave the barrel blocks clamped tightly in position 
and tap the threads through the screw holes, with 
the blocks to assist in keeping the taps square dur¬ 
ing the operation. Use the taps furnished by the 
manufacturers to suit the screw threads they recom¬ 
mend; there should be two of them—starting and 
bottoming taps—altho some manufacturers furnish 
three taps. The starting tap as furnished will pos¬ 
sibly have so much taper that it touches the bottom 
of the shallow holes in the barrel, and it may be 
necessary to grind off some of its point or use a 
regular tap for the first operation. In case you are 
obliged to make your own bottoming tap, this is 
readily done by grinding most of the taper off a 
regular tap. 

Take the barrel and receiver off the surface plate 
and clamp them in the felt jaws of the vise with 
barrel perfectly level and block tops at a right 
angle; then keep your taps square and you will 
obtain true and clean threads. Do not try to force 
any of the taps. Commence with the starting tap 
and if possible obtain one or two complete threads 
with it; turn it forward a little at a time and then 
back it up and advance it a fraction with each 
movement. Be careful that you do not reach bot¬ 
tom before you realize it and break the tap. This 
is possible with a long tapered tap. When you are 
about to the bottom of the hole with this starting 
tap change to the bottoming tap and work the 
threads deeper, a little at a time, until the point of 
tap touches the bottom of hole. Care must be 
taken not to break the tap as the bottom is reached. 
Should a tap break, an unpleasant job is ahead, 
and you will be fortunate to back out the fragments 
without marring the barrel or tearing out threads. 


Read the instructions in Chapter IV on removing 
broken taps. 

All four holes have been successfully tapped, the 
barrel clamps are now removed, and the blocks are 
'ready to be screwed down tight. First examine the 
holes; there will probably be a slight burr raised 
around each. These should be filed off with a flat 
needle file, care being taken not to cut down below 
the barrel surface. The manufacturers of telescope 
blocks usually mill the under side out so that only 
the two outer edges bear upon the barrel, allowing 
the center to be free. Such a bearing gives a much 
better support, as the blocks can then be firmly 
screwed in place with no danger of becoming loose 
from vibration. When screwing the block in place, 
first screw one screw down and see if it tightens the 
base to the barrel; then loosen this one and bring 
the other down. If each screw lightens the base 
properly when brought down separately, bring both 
down tightly so that the blocks will never become 
loose from recoil or vibration. When trying and 
tightening the screw in the block, note carefully 
whether it begins to tighten in the threads before 
the head comes down in the counterbore; see if the 
block can be moved with the fingers when the screw 
is tightened. If so, take out the screw and grind a 
little off the end at the point, and try it again. Full 
holding power of the screw should be obtained, but 
the end should not quite touch the bottom of the 
hole. 

To make a first-class job, the blocks should also 
be “sweated” or soldered on the barrel. It will 
probably be best to shoot the rifle before this is 
done; you might want to change to a front block of 
different height and this can more readily be done 
before the block is soldered. If it is decided to 
sweat these blocks in place, it is first necessary to 
secure a perfect bearing surface between the barrel 
and bases in order to have a proper union of the 
metal. The blocks must be spotted in place; place 
a thin film of Prussian blue on the metal and file 
off the high points until a perfect bearing is secured. 
Some telescope blocks are case-hardened, and if so 
3 'ou will first have to anneal them before they can 
be spotted, and then case-harden them again before 
tinning. 

The blocks having been spotted to a proper fit, 
they are screwed in place again and a line scribed 
around them; then they are taken off, and the 
bluing within the scribed area is carefully removed 
by filing. This is then polished nicely and the 
under parts of the blocks also cleaned and polished. 
Bearing surfaces of both barrel and blocks are now 
tinned lightly. After you have placed a very thin 
coating of solder on all bearing surfaces, screw 
blocks in place and heat moderately The amount 



248 


THE MODERN GUNSMITH 


of heat necessary should only be sufficient to melt 
the solder; you can do this with a small blow 
torch or by laying a heavy, hot soldering copper on 
each block until it melts the solder. As soon as the 
solder melts, tighten all screws and allow to cool. 
Blocks sweated in place by this method will never 
come loose from recoil. 

Pour work in the fitting of both telescope barrel 
blocks and sight bases is usually the result of trying 
to aline the base with the eye, or of spotting the 
holes with a scriber, prick-punching the centers, 
and then drilling with a hand drill. The drill in¬ 
variably runs out of the true center and the holes 
are tapped to one side or the other; then when the 
base is screwed into position it does not fit, or is at 
an angle to the alinement. Follow the principles 
outlined in the preceding paragraphs, and you 
should be able readily to obtain a neat-looking job. 

As I have stated previously, too much care cannot 
be used when drilling for screw holes in any barrel; 
drill only to the correct depth and no more. How¬ 
ever, accidents will occasionally happen to the best 
of workmen, and it may be that one of the holes 
you arc drilling has broken through into the bore. 
The effect of this on the accuracy is very bad, and 
it may even be worse on the owner. If at all pos¬ 
sible, a new barrel should be secured; but there are 
calibers and occasions where even this serious mis¬ 
take may be repaired, provided the hole does not 
come through into the lands. If a screw can be 
fitted in the bottom of the groove, this should be 
done, and the end formed to the correct contour of 
the rifling. Considerable care and many trials at 
filing the radius at the end of the screw will take 
place before the proper shape is formed so that the 
eye cannot detect the repair. 

Sighting In — Quite frequently, in the course of 
the year, there comes into my shop the individual 
who wants his rifle “sighted.” This operation is 
generally amplified by instructions to “set the sight 
at the farthest distance it shoots flat.” Now, we 
all know there is no rifle which shoots “flat” for any 
appreciable distance; but it is astonishing indeed 
to learn of the thousands of rifle users who still 
believe in this fallacy, and who also are perfectly 
willing to accept and use a rifle which has been 
sighted in by another person. 

The final sighting in of any rifle should always 
be done by the user; at least he should check up 
on any alinement and setting of sights which may 
have been done by another. The gunmaker is, of 
necessity, required to verify the alinement of any 
sights or sight work he may do; but this should 
only be in the nature of a check or final test of his 
own handiwork. There already exists in current 


rifle-shooting literature any amount of instruction 
on the sighting in of rifles, and the brief remarks 
made in the following paragraphs shall be given 
merely from the angle of the riflemaker. 

When locating or substituting new sights on a 
rifle it is essential that they be placed in nearly 
the correct position, so there will not be much work 
entailed on the range when the opportunity is pre¬ 
sented for the final sighting in. The simplest and 
most practical method of doing this preliminary 
sight setting is by means of the bore-sighting 
gauge, illustrated in Figure 120. 

The bore-sighting gauge is the most accurate 
mechanical means we have at the present time by 
which the sights of a rifle may be set without going 
to the trouble of actually shooting the arm. As the 
average gunsmith seldom has the facilities for firing 
small arms around his shop, a set of suitable bore 
gauges is an absolute necessity; not only for 
metal-sight work but for telescopes as well. Fur¬ 
thermore, a gauge of this nature will save much 
time and ammunition when the actual range firing 
is reached. 

The use of the gauge is simple; the holt is re¬ 
moved from the rifle, and the front or bore gauge is 
inserted in the muzzle. This bore gauge is almost a 
“push" fit, and it has fine cross-wires; it may be 
inserted with these wires in any position, but it is 
best to fit it so there is one vertical wire in pro¬ 
longation with the line of sight; that is, running up 
and down, with the cross-wires horizontal and ver¬ 
tical. In the case of a rifle shooting a center-fire 
cartridge, this bore gauge is all that is actually 
required, as the rear or chamber gauge need be 
nothing more than an empty, unprimed case having 
the flash-hole true and perfectly centered in the 
primer pocket. With a rim-fire rifle, it is necessary 
to make up a special receiver gauge such as illus¬ 
trated in Figure 120; this same type of chamber 
gauge can also be made up for any center-fire 
caliber if desired. 

With the bore and chamber gauges in place, the 
rifle is clamped firmly between the flat jaws of the 
vise and alined upon some suitable aiming point at 
a distance 50 or 100 yards away. Aline the cross¬ 
hairs of the bore sight accurately upon the mark; 
and then, without moving the rifle, proceed to bring 
the regular sights into the same alinement and set¬ 
ting as the bore sight. Check very carefully. An 
exact setting to the same aiming point as the cross¬ 
hairs cover would undoubtedly cause the rifle to 
shoot low; hence it is well to bring the regular 
sights on a point a trifle below the cross-hairs. In 
the case of fitting sights to a new rifle it will be 
desirable to leave the front-sight blade a trifle high; 
then when the actual range firing takes place a 
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slight filing down will insure the setting being cor¬ 
rect, and will also enable the rear sight to be set to 
its lowest possible position. 

This set of bore-sighting gauges is of especial 
value to the target shooter who is also a user of the 
telescope sight. With the bore sight in place and 
the rifle wedged between sand bags on the firing 
line, it is a matter of but a few seconds' time, and 
no wasted shots, to bring the vertical wire of the 
aiming reticule in alinement with the wires of the 
bore sight; this, when accurately done, should put 
the first sighting shot within a few inches of the 
bull’s-eye. 

It is always advisable to fire the rifle over the 
actual range in order to check alinement and set¬ 
ting of the sights, and to give any final minor ad¬ 
justments which may prove necessary. At this time 
we also give the sights their last settings, find their 
true zero, set for minimum point-blank range, etc. 
This work calls for a light brass hammer and a set 
of copper and fiber rods to be used as drifts in 
tapping the sights one way or another for slight 
adjustments. A few needle files may also be neces¬ 
sary in order to dress of! the top of a sight blade or 
to deepen a sighting notch a trifle; and a reamer 
may come in handy to open up the aperture on a 


peep sight. Keep in mind the rules relative to 
sight movement and their effect upon the target: 
that the bullet moves in the same direction with any 
movement of the rear sight, but in the opposite 
direction to any movement you make with the front 
sight. In general, the front sight should be set 
firmly and squarely over the center of the bore 
and then let alone; all necessary adjustments from 
then on being made with the rear sight. 

The exact range at which the rifle is to be sighted 
will depend upon its caliber and the purpose for 
which it is used. In the case of a target rifle, a 
wide range of sight adjustment will be necessary 
and the exact sighting can be left to the owner. 
But with the high-power hunting rifle the case is 
different, and the average owner will undoubtedly 
want his rifle sighted to the longest and most prac¬ 
tical “point blank” range possible. With cartridges 
such as the .30 ’06, 7 mm., .270 Winchester, and 
.250 Savage, this setting should invariably be for 
200 yards; such a sighting will cause the rifle to 
overshoot less than 3 inches at the 100-yard range, 
and this is much preferable to having the setting at 
100 yards, which means that we shoot about 6 
inches low at the 200-yard range. 

As I have said, one cannot sight in a rifle ac- 
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curately and guarantee that it will shoot to this 
same point of impact for another individual. There 
are differences in eyesight and holding which may 
prevent it, but there are a surprizingly large number 
of sportsmen who do not realize this fact. Hence it 
may be well, when you turn a rifle over to a cus¬ 
tomer who is a skilled shooter, to advise that you 
have sighted it to shoot accurately in accordance 
with your own eyesight and holding ability. In the 
case of the “flat shooting” enthusiast who proposes 
to take the rifle right out into the woods and start 
hunting with it, better not say anything; the arm 
will undoubtedly shoot about seven octaves closer 
to the mark than he can hold, and your advice will 
undoubtedly be misinterpreted—and possibly re¬ 
sented. 

Fitting Lyman No. 48 Special Sight — When 
remodeling a Springfield or any other bolt-action 
rifle on which the wood must be cut out for the 
clearance of the base and slide, it is better to cut 
the base of the sight and slide rather than the stock. 
When finishing the stock, carry the lines back with 
the loading gate on the right-hand side of the re¬ 
ceiver, rounding the edge well in against the action, 
which gives the stock an even and unbroken line. 
The Lyman sight should now be attached to the 
receiver in its correct position. Lay a straight-edge 
on the flat portion of the loading gate. Scribe a 
line upon the sight base. By setting the receiver 
upon parallels, a surface gauge can be used to 
scribe this line completely around the base, includ¬ 
ing the slide. Remove the base from the action and 
strip it completely by removing slide, locking bolt, 
spring, and indicator. The elevating screw is re¬ 
moved and cut to length. 

The base may cither be milled, shaped, or cut off 
with a hack-saw and filed to the scribed line. The 
slide can also be done in a like manner. The lug 
by which the elevating screw is guided and at¬ 
tached is driven out from the bottom cut-off section, 
and relocated near the bottom of the cut-off slide. 


First, reduce the lug to half its thickness and 
countersink it on the under side so that the screw, 
when riveted over, will give it a bearing point and 
at the same time a place for the expanded end of 
the screw to draw down the clip plunger and spring. 
Cut the elevating screw off, allowing for the riveted 
end. Turn the end of the screw so that it has a 
free movement in the guide lug. The end of the 
screw was threaded for a small nut and washer, but 
this now is discarded; the riveted end is more 
substantial. 

The bottom of the slide which rests upon the 
base is filed off Vic inch. The slide is allowed to 
come down this amount, and when the base is in 
position, mark the bridge of the receiver and file 
this portion out so that it is possible for it to rest 
on the face of the under side of the slide, the base, 
and upon the bottom filed-out section of the bridge. 
When the sight is in its normal position it sets well 
down, giving a Vic-^ch lower setting of the sight, 
which is very advantageous. 

The spring slot on the left side of the base is 
filed in with a thin piece of steel and held with a 
small screw; a 3 x 56 is the recommended size, or 
one near to this size. The base should be sweated 
to the receiver, as there is such a small bearing sur¬ 
face left after removing the bottom section. Those 
who are not in a position to do this operation may 
tighten the two base screws as tight as possible; 
but always make a thorough inspection after shoot¬ 
ing to see that they have not come loose in the act 
of firing. The sweating operation makes a perfect 
union and obviates the fear of having the base 
come loose on a long hunting trip with no screw¬ 
driver to tighten it with. 

By cutting down the sight in this manner there is 
still Vic to raise for elevation, which is more 
than is required for adjustments on a hunting rifle. 
The operation removes the spring which keeps the 
locking bolt in the elevating screw threads, but it is 
always an easy matter, after the rifle is once sighted 
in, to lock this nut in position with a pair of pliers. 



Fig. 121 

Springfield Model 1903 rifle designed for Mr. Charles G. King. Eighteen-inch barrel. Mannlicher type. Note Lyman 48 

aperture sight with base cut off in line with loading cut-out in action 
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Fig. 122 

Remodeled Springfield Rifle. Model 1903, with complete siqht equipment. Note the leaf-sight base, and sight. Out¬ 
lines blend well and are in keeping with all other lines of the design 


Acquire the habit of testing this nut to see that it is 
never loose. Some day the Lyman Gunsight Com¬ 
pany will make this type of sight a standard for all 
sporting arms. Figure 121 illustrates this sight on 
a Springfield Mannlicher type made for Mr. 
Charles G. King. 

Hunting Telescope Mounts — The develop¬ 
ment of a satisfactory telescope mount for the 
hunting rifle is still in the experimental stage, al- 
tho we have today a wide variety of commercial 
mounts to select from. The most recent as well as 
I he most promising development is in the hunting 
telescopes, which have both windage and elevation 
adjustments within the tube itself. This idea, when 
ultimately perfected, will enable the construction of 
the most simple and sturdy mounts and will do 
away with much of our present troubles experi¬ 
enced with the hunting telescope. 

There are two methods employed in the attach¬ 
ing of telescopes to the hunting rille: one is the 
receiver side mount and the other is by means of 
top bases. The latter was the earliest method em¬ 
ployed; it was a crude and unsatisfactory means of 
attachment, and today is seldom used. The use of 
the side mount is so general that 1 shall describe 
only the method of attaching this type of mount. 

When mounting the telescope side mount to a 
receiver it must be placed on square in every direc¬ 
tion. First, set the receiver upon parallels on the 
surface plate and place the base fixture in position, 
as far back on the receiver as possible, holding it in 
position by two “C” or parallel clamps. The top 


of the plate must come in perfect alinement with 
the axis of the bore of the rille; then it is possible 
to have the aiming post of the telescope conic in 
the center, which gives considerable adjustment one 
way or the other: i.e., elevation or depression. 
Place the try-square against the Hat side and have 
it come into position against the blade of the square 
until all light is shut out, and then tighten the 
clamps. Now, test it for square from the top by 
laying a small square over the top with the small 
blade down, bringing up against it the square which 
is resting on the fact plate. Using the same method 
as when selling telescope blocks in place, hold the 
receiver in the light so you can test the base to see 
if there is any light between it and the receiver. If 
such a condition exists, remove the base and spot 
it in; but as a general rule, the manufacturer has 
milled the base out so perfectly that it does not 
require any spotting in. Should it ht properly, the 
receiver is now ready to be drilled and tapped. 

These base plates come drilled with five holes, 
three of which are counterbored to take fillister- 
head screws while the other two are for tapered 
dowel pins. The necessary screws and dowel pins 
come with the mount. Use a drill which will just 
fit the screw holes and spot the three holes to secure 
the center; then, with the right-size tap drill, con¬ 
tinue through the metal of the receiver. Keep right 
on and tap the screw holes while the base plate is 
in position. Screw 7 the three screws in place and 
file off their ends Hush with the walls of the channel. 
Figure 122 illustrates a rifle with full sighting 
equipment. 
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Replacement oi Small Working Parts 


T HE ultimate success or failure in fitting new 
parts to the mechanism of a firearm depends 
primarily upon two things: friction and tolerance; 
therefore the student should be informed on these 
subjects before going any further. Friction is the 
term applied to the resistance to motion that occurs 
when one body is moved upon another, or, as 
generally defined, “that force which acts between 
two bodies at their surface of contact so as to 
resist their sliding on each other.” This, of course, 
is applicable to the working parts of a firearm. 
Tolerance, as we generally know, means endur¬ 
ance; but technically it is used to denote the 
maximum and minimum size between two given 
diameters or the greatest dimension allowable on 
a given part. Tolerance is the allowable difference 
in which two separate bodies will work in harmony 
with one another without undue friction. 

Prior to and during the World War the stand¬ 
ard on all small-arm gauges was a given size with 
no variations of plus and minus to work to. Such 
close measurements on a gauge, of course, meant 
the most rigid of precision work, even tho there 
was 0.006 inch difference between the maximum 
and minimum diameters on the pieces to be 
gauged. Consequently such a system slowed up 
the production of gauges right at the time when 
they were most needed in the manufacturing divi¬ 
sion. This necessitated replacing the old standard 
with a manufacturing tolerance for the small-arm 
gauges. It was later adopted for all gauges and is 
today the standard for all instruments for meas¬ 
uring component parts. 

There are several laws of friction which should 
hot be overlooked by the student. These are as 
follows: 

(1) For low pressures: the friction is directly 
proportional to the normal pressure which becomes 
abnormally high, and the friction increases at a 
rapid rate until seizing takes place. 

(2) The friction both in its total amount and 
its coefficient is independent of the areas in con¬ 
tact, as long as the total pressure remains the 
same. This is true for moderate pressures only. 
For high pressures this law is modified in the same 
way as in the first case. 

(3) At very low velocities the friction is inde¬ 


pendent of the velocity of rubbing—as the veloci¬ 
ties increase, the friction decreases. 

After comprehending these laws you can de¬ 
termine the tolerance for nearly all the working 
parts of a firearm. Where a surface comes in con¬ 
tact with another surface and they travel against 
one another, both should have a hardened surface, 
highly polished and well lubricated. This reduces 
friction to a minimum, whereas if the opposite 
condition should exist, the retarding force will 
increase friction to such an extent that the opera¬ 
tion of the parts becomes sluggish. When new 
parts arc ordered from the factory they are usually 
slightly oversize and in a number of instances have 
deep tool marks which must be removed if any 
point is a bearing that would cause friction. 

In the manufacturing of all tools, gauges, dies, 
etc., also the making of repair parts, a finish is 
placed on the essential working parts and all other 
surfaces are left in a semi-finished condition. 
Therefore, another dividing line is drawn because 
of labor cost in industry. Realizing the labor cost, 
you must not condemn a repair part when it is 
delivered into your hands. The particular piece 
you received may have cost you only sixty cents. 
But by keeping track of the time you spend in 
finishing this part, valuing each hour at $1.50, you 
would soon admit that had you paid for manu¬ 
facture and labor for finishing you would have 
just cause for complaint. It is typical of American 
people to view everything in terms of dollars and 
cents. They arc more influenced by the price of 
an article than its finish. The American manu¬ 
facturer, always anxious to please the dear public, 
puts out his respective product as cheaply as pos¬ 
sible. The dollar watch and model-T Ford are 
examples of this, as is the double-barreled shotgun 
sold for $20 and under. In every instance you 
are getting exactly what you pay for. The work¬ 
ing parts are generally made from cold-drawn steel 
improperly hardened, and consequently the finish 
is poor. 

When you are refitting the working parts of any 
cheap arm, you should first study the essential 
ones, remove the tool marks, and polish and 
harden them to the proper degree. If you find it 
necessary, you can either make new parts or pur- 
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chase them from the factory. First polish the 
contact surfaces in the most convenient manner 
and coat them with the coppering solution given 
in Chapter XVI, Volume II. The purpose of the 
copper plating is to give the exact bearing surface 
to be worked upon, for such points will cause the 
greatest amount of friction. 

It may be necessary to reassemble such parts a 
number of times to work these in the action, re¬ 
moving the high points until a perfect bearing is 
established the full width or length of the part. 
Generally, all parts are hardened or toughened at 
the factory, and instead of a fine file, vaiious India 
or carborundum oilstones must be used. Care is 
to be taken that you do not have rounded surfaces. 
After removing the high points, coat again with 
the solution when the part is assembled, so that 
the true contact points have a perfect bearing. 
Figure 123 will give an illustration of just how 
much care is used in one of our large arms plants 
in the assembly operations. 

Hand fitting of parts requires particular patience 
and care in the installation of all lock and action 
mechanisms. However, the student does not get 
a great amount of this class of work except when 
making new guns or fitting special parts made for 
replacements. Even tho the gun is in perfect 
working order, duplicate some of the working parts 
of a shotgun of American manufacture such as the 
scars, tumblers, or cocking levers. If you have 
the machinery, also duplicate the locking mech¬ 
anism. Make each part of the best steel and apply 
the proper heat treatment and temper. Such expe¬ 
rience will teach you what tolerance is required 
between certain given points and also the points 
where friction and resistance are the greatest. 
Take, for instance, the radii on the ends of the 
cocking levers. Study the motion of these against 
the tumblers, and suppose they should have a 
square face in place of a radius. Such a large 
bearing would cause a grinding movement when 
opening the gun. Remove these same levers and 
place a perfect radius on the end which is rounded, 
and then install them. There will be a vast differ¬ 
ence, since the friction was eliminated at that 
point. It is that w'hich comprises the difference 
between a gun of low cost and one more expensive. 
Perfect fitting and timing was the paramount issue 
in the latter class. 

l ake a high-grade arm in your hands with snap 
caps in the chambers. Now open and close the 
action. Note the free operation of the cross lever. 
Bring the gun to your shoulder and point it. at 
some object; remove the safety and fire, first right 
and then left. Notice the clear ringing sound as 
the tumblers come down on the caps. The trigger- 


pull is perfect. Open the gun and see what a quick 
movement there is of the automatic ejectors when 
it reaches a certain position, throwing the snap 
caps a distance of five feet or more. Such perfect 
workmanship is only found on the best guns— 
placed there by men w T ho knew r w r hat friction and 
tolerance meant. 

I knew one man who made very fine trap guns. 
After he made a perfect fit with the highest degree 
of polish possible he would place a fine film of oil 
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Fig. 123 

Hand fitting operation on small parts as performed in the 

large arms plants 


and rouge on the surface and with his fingers rub 
for hours to secure a higher polish on these metal 
parts. To handle his finished guns was a never- 
to-be-forgotten pleasure and left one speechless 
with admiration. But there are very few men who 
will pay for such workmanship in the United 
States, and the man I described who only turned 
out the best, died penniless. All his guns were on 
special order and made complete, at a cost of one 
thousand dollars. On one gun he invested two 
thousand dollars in labor alone. 

The lubricating surface of a highly finished part 
is of material importance, for the law's governing 
a well-lubricated surface are considerably different 
from those applied to a poorly lubricated one. We 
must use an oil whose value as a lubricant depends 
mainly upon its film-forming capacity. Turn to 
Chapter XXV, and use either No. 1 or No. 2 for 
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the lubricant on the finished surfaces. This will 
allow for free movement of the bearing surfaces at 
all times. If the bearing surfaces arc ilooded with 
oil, the friction is almost independent of the nature 
of the material of the surface in contact. As the 
lubrication becomes less ample, the coefficient of 
friction becomes more dependent, upon the material 
of the surfaces. For that reason we must have 
such parts drawn to a toughness that will keep 
them from picking up or adhering to metal until 
they can be lubricated again. 

When the student has an unlimited amount of 
time and desires to do particularly fine work on 
the described parts, a number of lapping opera¬ 
tions may be attempted, as described in Chapter 
IV. On a number of parts of a firearm it is almost 
an impossibility to use any form of flat lap, and 
when possible it is better to construct special laps 
of either cast-iron or copper to produce a fine 
bearing surface and a high finish to eliminate fric¬ 
tion. There are a number of places where round 
laps can be used for the desired degree of tolerance 
and fit. These should be used wherever possible. 

When new pins, screws, etc., are fitted to any 
firearm, we refer to different kinds of fits which 
are in ordinary machine construction. Five classes 
of fits are most commonly used: running fit, push 
fit, driving fit, forced fit, and shrinkage fit. The 
running, as its name implies, is employed when 
the parts must rotate; a push fit is not sufficiently 
free to rotate. The other classes referred to are 
used in assembling parts which must be held in a 
fixed position. When the allowance is smaller than 
for a running fit, and a moderate pressure is re¬ 
quired in assembling the parts, the term “push fit’’ 
is sometimes used. The tolerance required for 
running fits on all cylindrical parts in gun work 
is between 0.0003 and .0005 inch. In other classes 
of work, however, the tolerance often increases with 
the diameter but may be varied according to the 
length of the bearing surface. As most of the parts 
in firearms are small, in a number of cases we must 
reduce the allowance, provided the arms are not 
of an automatic nature. On such parts care must 
be used to have a well finished bearing, the holes 
lapped, and all parts with the correct temper so 
they never freeze or gaul. (“Gaul” is a term used 
when two soft metals bind to each other.) The 
factors which govern such tolerance may at times 
have to be increased or decreased. Here is where 
your best judgment is used. 

In the construction of parts that require less or 
greater labor on certain parts of firearms, no toler¬ 
ance is allowed. Then we refer to a “forced fit.” 
which means that a pin, shaft, or other cylindrical 
part is forced into a hole of a slightly smaller diam¬ 


eter. As a rule, forced fits are restricted to very 
few parts in gun work; as an example, on a shot¬ 
gun, between barrels and action. The hinge bolt 
must be a forced fit in the frame and at the same 
time it must be free enough on the lug to allow 
the complete closing of the gun without any loss 
in motion whatever. The proper tolerance for a 
hinge-bolt fit depends upon the mass of metal sur¬ 
rounding the hole, the size of the work, the kind 
and quality of the material of which the parts are 
composed, and the smoothness and accuracy of the 
pin and surface of the bore. Such a hole on a 
shotgun should be lapped to remove all tool marks 
of the reamers, and the hole should be a perfect 
and highly polished sphere. The personal factor 
is much in evidence in work of this kind, but when 
a job is finished in the proper manner there is no 
come-back at some future period. 

When fitting a hinge bolt to a shotgun always 
clamp the barrels and action tightly together. 
Then ream and lap the hole which will include the 
radius on the lug. Some advise peening the lug 
at the radius and then stoning it out, but this is 
very careless. It will tighten a shotgun for a 
short time, but after a number of shots are fired 
the gun is as loose as it was in the beginning. The 
only way to produce a perfect joint is by reaming 
and lamping the hole so that the radius on the lug 
and the metal is compact and free from too] marks. 

As almost all the parts must rotate in some man¬ 
ner, shrinkage fits in firearms are rather restricted, 
altho in general practise a considerable amount of 
this is done in machine construction. Shrinkage 
tolerance exceeds those of forced fits. In any case 
the shrinkage allowance varies to a great extent 
with the form and construction of the part which 
has to be shrunk into place. This thickness or 
amount of metal around the hole is the most im¬ 
portant factor. Whether parts are to be assembled 
by forced or shrinkage fits depends upon condi¬ 
tions. This practise may often be done for certain 
operations in the shop, but in firearm construction 
you will find little use for this class of fits. 

In making new parts for any firearm see that all 
surfaces are flat and all edges square and true; 
whenever it is possible on flat surfaces, the parts 
should be lapped. When a file is used, see that a 
true flat surface is made and that the oilstone is 
used when necessary. See that you do not lift, roll, 
or tilt them at all, and when bringing the part 
down to the final finish and size, try to file, polish, 
or stone in one direction if possible. When testing 
the new parts, first try them dry. When they begin 
to enter, apply a small amount of oil on the sur¬ 
face, provided you are not using the coppering 
solution. 
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When making special parts the student will also 
find it necessary to make various tools, such as 
counterbores, reamers, broaches for square and 
odd-formed holes, special dies, laps, etc. Threads 
in many guns arc different from the standard, and 
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in a number of cases special taps must be made 
and even small screws must be made on a lathe. 
From beginning to ending of any special iob in 
gun work you must find some means to accomplish 
your undertaking. 
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on the inside plate. These will be used to control 
the flow of air. Also, in a convenient location, 
attach a damper so it will be possible to control 
the flow of air to the furnace. Tap the top and 
bottom of the fan chamber and fasten brackets so 
that it will be possible to clamp the blower in 
position. 

Blacksmith forges require air pressure varying 
from one and one-half to six ounces per square 
inch. Small forges with the blower close to them 
are adequately supplied with one and one-half 
ounce pressure. If the blower is farther away, 
have a long discharge pipe lead to the forge with 
many bends, even tho the latter be small. It may 
be necessary to carry three ounces pressure or 
more to overcome the friction in the air ducts. 
Large forges usually require from three to six 
ounces pressure. 

If you do not have gas or regular electrical con¬ 
nections, you can buy a small foot bellows, which 
may answer very well for what gun work you will 
wish to do. If you expand you will need and get 
larger forge equipment. 

A description of the anvil is given in Chapter IV. 
This must be placed on a solid hardwood block, 
and its height should be so that in standing beside 
it the knuckles of the hands will just reach the 
top surface. Tongs are of different lengths and 
forms, adapted to the work to be held. You will 
need two in every welding operation, but these 
will be of simple form and they will doubtless 
serve all your requirements. 

Fuels jor the Forge —Coke, coal, charcoal, oil, 
and gas are used as fuels for heating iron and steel 
for forging and welding. For general work, a coke 
fire is the best, altho bituminous (soft) coal is 
extensively used. When anthracite (hard) coal is 
used, it is difficult to get a hot enough fire, espe¬ 
cially on a small forge. Coke or bituminous coal 
should be low in sulfur content, because sulfur, 
lead, bronze, or brass must not be in the fuel or 
fire that is used for heating iron or steel. A weld 
may be ruined by throwing brass filings into a fire 
before heating the work. 

To fire any forge, cover the entire hearth with 
fine coal, assuming that coal is to be used, to a 
depth of two inches. Hollow out the center over 
the trap and perforated plate; on this, place wood 
shavings or excelsior, and light. When this begins 
to burn, rake a small amount of coal around the 
fire until it is completely covered. During this 
time you are gently forcing air through, allowing 
a steady burning of the material used to light the 
fire and the coal. Gradually work coal up into a 
mound, having a small crater in the center. The 
mound should be large enough in diameter and 


also in height to accommodate the work you wish 
to do. When the fire is well under way in the 
center, sprinkle water on the surplus coal on the 
hearth and around the fire. Thick yellow smoke 
will show that the sulfur and other impurities are 
burning off and producing the clean fire required 
to work any metal. You will find that the coal 
around the fire has begun to turn to coke, which 
burns with a clean bright fire, free from all impuri¬ 
ties. After completion of all necessary work in 
the forge, allow the fire to die out naturally. When 
starting a new fire, all that is necessary is to 
remove the center, allowing the mound of coke to 
remain, and saving the coke produced from the 
new fire. In this way you will always have a 
supply of coke on hand which is nearly equal to 
any you could buy. Even poor soft coal may be 
turned into this form of fuel, which will answer 
for many purposes. 

The hand forging of steel requires two different 
rates of heat. If the piece of metal merely requires 
a smoothing of the surface of the stock, the so- 
called ‘ cherry-red” heat is the amount required. 
Smoothing is performed by striking lightly and 
evenly with the hand-hammer until the desired 
surface is secured. This same degree of heat is 
employed when “hammer-hardening” the steel is 
one of the objects. In this case, the blows of the 
hammer must be heavier than in the former case. 

If the forging is to effect a material change in 
the shape of the object, the rate of heat must be 
increased to what blacksmiths call the “white-flame 
heat.” The hammering also must be much heavier. 

Welding — A “welding” or sparkling heat is re¬ 
quired in this process: it is a much higher degree 
than forging heat. To get this heat the metal is 
brought nearly to a state of fusion; this condition 
is detected at once by its sparkling and its glazed 
appearance, showing that the iron or steel is on 
the verge of melting. As soon as the two pieces 
to he welded together have both attained this tem¬ 
perature, they are taken from the fire with the 
greatest speed, and the “scale” or dirt which 
would hinder the incorporation is scraped off. 
They are then placed in contact at the heated 
point, and hammered until a perfect union has 
been effected and no seam or fissure remains vis¬ 
ible. If the first effort fails to unite them suffi¬ 
ciently, they must be reheated and rehammered. 

The fire for welding, if coal is used, should be 
free from sulfur, and the iron or steel while heating 
should be often taken out and sprinkled, at the 
point of the greatest heat, with powdered glass to 
which powdered clay has been added. These 
applications lend to prevent the iron from burning, 


CHAPTER XIX 


Hand Forging and Heat Treatment 


F ROM the days of Tubal Cain the smith has 
occupied an important place in human society. 
He even has a place among the gods in the old 
mythologies. He made the most indispensable 
things, the things that differentiated men from 
animals—tools—and the tools made everything. 
Probably, after fashioning the simple tools of hus¬ 
bandry, his next task was the implements of the 
chase; thus our modem gunmaker is of his own 
race and kindred. 

Personally 1 regret the passing of the village 
forge and the stalwart blacksmith playing with fire. 
The rhythmic music of the anvil and the corusca¬ 
tions from the smelted metal have inspired and 
cheered men, poets, and children of all ages. What 
is there in a car and a garage that compares with 
the horse and a smithy? 

As a boy the blacksmith’s shop was my house 
of magic; here I got the first taste of what was 
destined to be my life’s work. Is it not remarkable 
how much the open mind of the child absorbs? 
What I saw Mr. Berthelson do and what I heard 
Mr. Berthelson say in his kindly answ-ers to my 
innumerable questions are still a part of the store 
of information that I am passing to you. 

The fire and anvil work required in the fabrica¬ 
tion of the hand-made gun, or perhaps I should 
say those parts of a gun that we must fabricate to 
obtain, are not beyond the capabilities of the man 
who has been game enough to tackle gunsmithing. 
There are certain basic principles that govern the 
manipulation of hot metals; these must be known 
and practised, and so in this chapter I am going to 
tell you the theory of it—you will have to acquire 
the rest in front of the forge. 

In this machine age, the parts comprising a fire¬ 
arm are mechanically produced in multitudes of 
ingenious processes. These parts arc finished to a 
remarkable accuracy so that the hand work in 
assembling them is very little. These parts, in all 
commercial arms that are at all current, are 
obtainable from their makers; in your repair work 
you will always be wise to buy these parts rather 
than to attempt making them, as their cost is only 
a fraction of the cost of labor and material your 
hand work would entail. However, arms soon be¬ 
come obsolete, new ideas are constantly sweeping 


them into discard, and repair parts become unob¬ 
tainable. Here is where your knowledge of forging 
becomes invaluable, for old guns like old friend¬ 
ships are long retained and must be constantly 
renewed. 

The parts that require replacement are naturally 
those which have the hardest wear or those which 
from their location are most susceptible to acciden¬ 
tal injury. Hammers, springs, guards, tumblers, 
sears, triggers are some of them. 

In addition to the working of metals, there is 
another phase which finds its place in this chapter, 
and that is the heat treatment of steels, their hard 
ening and tempering. This is only second in im¬ 
portance to the metal itself. 

Blacksmith Equipment — The equipment for 
forging consists of a forge, an anvil, tongs of vari¬ 
ous sizes and shapes, hammers of different, weights, 
and cutting and forming tools which attach to the 
‘ bardie hole” in the anvil, and a “slack tub” for 
quenching. The kind of forge you will have will 
be determined by the amount of use you will have 
for it and the fuel you will have to use. If gas is 
available, it will be an inexpensive purchase, or 
one can be easily constructed out of junk material. 
It will have to be equipped with a blower or bel¬ 
lows so that wc can get an air pressure of about 
four ounces to the square inch in order to get 
welding heats. 

Let me describe a simple home-made forge which 
will answer almost every purpose and cost very 
little money. It is made from an automobile brake 
drum picked up in a junk yard. The legs are 
made of angle iron and the center is built up of 
fire brick and fire clay. This particular one is 
made for gas. If it were designed for coal it would 
have a trap in the center opening where the air- 
pipe comes in. For the blower an old vacuum 
cleaner is used. 

Strip all the parts from the cleaner, and where 
the dirt bar is attached, attach a sheet-metal tube, 
this to be connected to the air inlet of the furnace. 
With a hack-saw remove the wide floor intake, 
care being taken not to cut into the fan chamber. 
Over the fan chamber intake, attach a plate with 
four %-inch holes so they will match with the holes 
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and they assist adhesion when the two pieces arc 
brought into contact at the moment of welding. 

Classes of Welds —Welds are classified by the 
way in which contact points are formed prior to 
making the weld. The welds ordinarily made in 
hand-forging practise are the scraf weld, butt weld, 
lap weld, cleft or split weld, and jump weld. They 
arc shown in Figure 124. It will be seen that the 


slowly to secure a uniform temperature throughout 
the portion to be heated. With too rapid heating, 
the outside only may be raised to the welding 
temperature while the interior below is not hot 
enough. In this case a compact weld would be 
impossible. 

Fluxes for Welding —Wrought iron can be 
healed Co a high enough temperature to melt oxid* 
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surfaces, in most instances, are rounded or 
crowned. This is done so that when the heated 
parts are brought together they will unite first in 
the center. Any slag or dirt which may adhere to 
the heated surfaces will then be forced out as the 
welding proceeds from the center outward. When 
making a lap weld, the hammering should begin 
at the center in order to work the slag out, as 
the faces in this case are not rounded. When 
forming a weld it is generally necessary to “upset” 
Ihe contact points—that is, to accumulate extra 
metal at the points by forcing the metal back on 
on itself. This, because in hammering you neces¬ 
sarily elongate. If the metal has been “upset” the 
elongation will not rob the metal of thickness. 

Welding Heat —When two pieces of wrought 
iron or mild steel are heated until they become soft 
and plastic and will adhere when pressed or ham¬ 
mered together, they have reached what is com¬ 
monly known as a “welding heat.” If the ends to 
be heated arc not hot enough, they will not stick 
together; inversely, if the work remains in the 
fire too long, it becomes overheated and burned, 
which greatly injures the metal. Iron which has 
been overheated has a rough spongy appearance 
and is brittle. The danger of burning is increased 
when the air blast is too strong and the fire is 
highly oxidized. It is important to heat the work 


which may be forced out from between the surfaces 
by the hammer blows; but when welding machine- 
steel, and especially lool-sleel, a temperature high 
enough to melt the oxid would burn the steel, and 
it is necessary to use what is called a “flux.” This 
is composed of sand, ground glass, or borax. Since 
these have a melting temperature below the weld¬ 
ing temperature of the metal, they readily dissolve 
when sprinkled upon the heated parts at the time 
they have reached the yellow heat. The flux serves 
two purposes: it covers the heated surfaces, which 
protects them from oxidation, and when molten, 
aids in dissolving any oxid that may have formed— 
the oxid melting at a lower temperature when 
combined with the flux. 

Wrought iron can be welded in a clean well-kept 
fire without using a flux of any kind, except when 
the material is very thin. The fluxes most com¬ 
monly used are fine clean sand and borax. When 
borax is used, it will give better results if previ¬ 
ously burned; this can be done by healing it in a 
crucible until reduced to a liquid state and then 
pouring it on a flat surface to form a sheet. When 
it is cold, it can easily be broken and pulverized. 
Borax can be used either alone or mixed with an 
equal quantity of fine clean sand and about 25 per 
cent of iron—not steel—filings; for tool-steel a 
flux made of one part sal ammoniac and twelve 
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parts borax is recommended. When pieces are 
hooked together previous to welding, as in split 
welds, or when a second heat or “wash” is taken, 
a flux that will flow easily should be used. There 
are many welding compounds on the market, some 
of which are best suited for one class of welding 
and some for another. 

This is a great amount of information for the 
beginner to digest, and I suggest that he practise 
on small pieces at first. Forge out the hooks and 
tongs which you will use at the forge and Bunsen 
burner. Make a broach for cleaning-rod eyes. 
Forge the ends of these rods and place the small 
eye in the end. You will find a considerable 
amount of preliminary work necessary in making 
special drift punches, scribers, center punches, and 
chisels, both for your wood-working and for your 
metal work. Then take test pieces and see what 
results you are able to secure in welding two pieces 
of the same material together. Welding tool-steel 
to machinery-steel and welding inserts of tool-steel 
on or in machinery-steel will be another step. 

Hardening and Tempering — We now pass to 
the second stage of metal working, that very im¬ 
portant phase of heat-treating: hardening and 
tempering. This is the process that gives to iron 
and steel various degrees of strength, freedom from 
internal stresses, hardness, elasticity, and ductility. 

Heat a piece of steel to a bright cherry-red and 
plunge it at once into cold water. You have in¬ 
stantly made it as hard as fire and water can 
make it. It is now almost as hard as glass, and 
so brittle that it will not stand up under any of 
the uses to which tempered steel is applied. This 
that you have just done is the preliminary step to 
be used in all tempering and treating, for in doing 
this, we have driven our metal to a condition of 
fixation from which we can work backwards to any 
point of hardness wc may desire. 

This is accomplished by reheating the metal and 
quenching it at some previously determined point. 
This point could be determined by means of a 
pyrometer, but nature has kindly placed in our 
hands a ready means of determining temperature 
in steel by giving different hues to the cooling 
metal. Nine shades are readily distinguishable, 
and each is the index to certain well-known con¬ 
ditions. We list here these colors and the tem¬ 
peratures they indicate. We also indicate what 
steel of this particular hardness is suitable for: 

1. Very faint yellow, denoting a temperature of 430 degrees 
Fahrenheit. If plunged into water at this color, the 
piece will be very hard, having a temper admirably 
suited to draw dies, bullet dies, bullet swages, forming 
dies, and reamers. 


2 . Pale straw color, 450 degrees Fahrenheit. Still very 
hard and suitable for the faces of hammers, forming 
dies, and counterbores. 

3. Full straw yellow, 470 degrees Fahrenheit. Various 
forming dies. 

4. Yellow brown, 490 degrees Fahrenheit. Threading dies 
for tool steel, piercing punches, gravers, turning tools, 
knurls. 

5. Brown with purple spots, 510 degrees Fahrenheit. 
Wood-working tools. Most of the parts in shotgun 
locks, with the exception of the spring, threading dies 
for general work, taps Vi inch and under. 

6. Light purple, 530 degrees Fahrenheit. Butcher knives, 
and olher flesh-cutting implements. Threading dies to 
cut closely to shoulders, drift punches, and small piercing 
punches. 

7. Dark purple, 550 degrees Fahrenheit. Tools requiring 
strong cutting edges without extreme hardness, such as 
chisels and small piercing punches. 

8. Full blue, 560 degrees Fahrenheit. Axes, various fine, 
tools requiring strength, and taps under %2 inch. Fir¬ 
ing pins for both hammer shotguns and single-shot 
rifles, also double guns. 

9. Dark blue verging on black, 600 degrees Fahrenheit. 
Saws, swords, and the like. 

Steel at 700 to 725 degrees Fahrenheit is suitable for springs. 

Various other methods of tempering steel are 
sometimes recommended, such as quenching in a 
mercury bath or in divers solutions such as sulfuric 
acid, milk, wax, tallow, and salt water; but since 
the amateur gunsmith will find no use for these 
methods, it docs not seem proper to encumber this 
book with anything further on the subject of tem¬ 
pering. Wc might add, however, that the hardest 
degree to which steel can be brought is secured by 
heating the piece to a dull red or cherry-red and 
Instantly plunging it info cold mercury. 

The shape, size, and requirement of the material 
or object will have a great influence not only on 
the temper required, but also on the means of 
acquiring and placing the temper. If the piece 
under process is an edge-tool of considerable bulk, 
only the cutting edge and the metal a little back of 
it is plunged into the water at the hardening, the 
rest of the implement being left still hot. It is then 
held in the light and observed closely, when the 
different colors, indicating the different degrees of 
hardness, will be seen moving slowly one after the 
other down toward the edge, driven by the heat 
still left in the main part of the metal not plunged. 
When the color desired has reached the edge, the 
entire piece is plunged into the water bath, which 
stops further action of the heat and establishes the 
degree of hardness exactly where it is desired. 

This method has had two objects: you will 
notice, for one, that the edge of the tool has been 
given its required hardness; for the other, that the 
toughness and strength of the rest of the tool has 
not been impaired. To have the “eye” of an ax as 
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hard as its cutting edge, for instance, would be 
disastrous to the ax. 

Very light articles and implements cannot be 
tempered in this way, as they will not retain suf¬ 
ficient heat to drive the colors, and it will be nec¬ 
essary to release them gradually in some way to 
make the colors move. Very light pieces, such as 
scribers, small taps, etc., are best tempered over a 
Bunsen burner or alcohol lamp. After having been 
hardened, they should be held in the flame of the 
Bunsen burner or lamp until the required color has 
appeared, and then quickly plunged into water. 
On large articles the colors will generally be so 
strongly marked that they will be readily dis¬ 
cernible on the rough surface of the metal; but 
on smaller articles they will be faint, so it is best 
to give small articles a slight polish, either on a 
buffing wheel charged with emery or with emery 
cloth fastened to a large file or flat piece of hard 
wood, before exposing them to heat. The color 
then will be easily seen. 

Tempering Knife Bludts —To heat the blades, 
lay them in a clear charcoal fire, with the cutting 
edges downwards. Heat very slowly. Tt is best 
that the back of the blade, which is uppermost, is 
not so hot. Harden in clean water at a tempera¬ 
ture of 95 degrees Fahrenheit. If many blades 
arc to be hardened at once, lay a number in (lie 
fire and remove one at a time as they become 
properly heated. To temper, polish with fine 
emery cloth so that the tempering color can easily 
be seen. Bend up a shcct-metal pan and fill with 
fine sand, laying this over the charcoal fire, and 
place the blades, backs down, in the sand, the 
cutting edges uppermost. When the proper color 
is seen on the polished portion of the cutting edges, 
remove and plunge into cold water. When an 
extra-tough blade is wanted, after hardening, 
handle it so that it will not draw any lower after 
removing, and let it cool without putting in water. 

Long blades, when they are being drawn, can 
be straightened if necessary by putting them be¬ 
tween two pins in the anvil or elsewhere and bend¬ 
ing them. Surprizing as it may seem, when hard¬ 
ened steel is being drawn it can be bent to quite 
an extent, and when cool will remain as bent. File 
makers straighten files in this manner. Sword 
blades and blades of butcher knives undergo the 
same process of manipulation in order to be kept 
straight. 

Tempering Firing Pins and Extractors —The heat 
treatment of firing pins and extractors is very 
much like that of springs, inasmuch as they are 
hardened first in the regular oil bath, the heat 
having reached the correct degree before plunging 
into oil. They are polished after being withdrawn 


and placed again in another oil bath which has 
been heated to between 550 and 600 degrees Fah¬ 
renheit. Allow them to remain with the bath at 
this temperature for thirty minutes. I believe that 
the amateur has more trouble with these than 
with any other parts of a gun except the springs. 
One of the best steels for extractors is case-hard¬ 
ened cold-drawn steel. The common water-hard¬ 
ened chisel steels and drill rod are fair for firing 
pins, but when making such parts as these it pays 
to buy the best. The lead pot is the best means 
of heating these parts, for you are able to obtain 
an even heal throughout. Generally the large 
number of broken pin tips have resulted from heat¬ 
ing the small section first to a higher temperature 
than required, plunging this into water, drawing 
the temper over a gas flame or alcohol lamp, and 
allowing the temper to run up to the point. The 
result is a soft end where the hammer hits, which 
upsets in time, causing the pin to shorten—if it 
should last that long. By drawing the temper to 
the correct degree of heat, there is an even hard¬ 
ness throughout the steel. If the point on a firing 
pin should be bent, do not try to straighten it while 
cold, but heat it to a chcrry-rcd and then 
straighten. Then harden and relieve. Whenever 
this happens it is best to make a new pin, as the 
structure of steel has been fractured to such an 
extent that the tip will hreak in time. 

Quenching Baths —To get the very best results 
in tempering, two baths are necessary. The water 
bath—incidentally this should be rain or distilled 
water—and the oil bath. The first, the water bath, 
is the one you will use exclusively for carbon steel. 
The oil bath will be used for alloy steels and high¬ 
speed steel. The oils used for this bath are linseed, 
whale, fish, lard, and lard and paraffin mixed, spe¬ 
cial quenching oils, etc. A small quantity of sal 
ammoniac added to the oil bath has a tendency to 
make the tools come out clean from the bath. The 
oil bath for hardening springs used in gun work is 
composed of the following: 

1 quart linseed oil 
1 “ paraffin oil 

Vu pound sulfur melted 
¥2 “ rosin melted 

1 pint fish oil 

Melt the sulfur in a separate receptacle, also the 
rosin separately. Heat the oils together to the 
boiling point and add the sulfur and then the rosin. 
Agitate until all are thoroughly mixed together. 
Keep this in a covered stone crock. 

Oil-Heating Baths —These arc extensively used 
for tempering tools which do not require a higher 
temperature than 600 degrees Fahrenheit. The 
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work is immersed in oil heated to the predeter¬ 
mined temperature, a temperature which must be 
indicated by a pyrometer. It is important that the 
oil have a uniform temperature throughout and 
that the work be immersed long enough to be 
brought to this temperature. Cold steel must not 
be plunged into a bath heated for tempering, owing 
to the danger of cracking it. The steel should 
either be preheated to about 300 degrees Fahren¬ 
heit, before placing it in the bath, or the latter 
should be at a comparatively low temperature be¬ 
fore immersing the steel and then heated to the 
required degree. A tempering oil which lias given 
satisfactory results in practise has the following 
characteristics: composition of mineral oil 94 per 
cent and saponifiable oil 6 per cent; specific grav¬ 
ity 0.920, dash point 550 degrees Fahrenheit, fire 
test 625 degrees Fahrenheit. 

The Potassium-Nitrate Heating Bath —This is 
used for pieces requiring a temperature above 500 
degrees Fahrenheit, and to a point where the tem¬ 
pering colors reach 750 degrees. T he temperature 
must also be indicated with a pyrometer or ther¬ 
mometer, especially in the case of springs. These 
last, to secure the best results, must be given a 
temperature of between 700 and 725 degrees, keep¬ 
ing the bath at that temperature and letting the 
spring soak at least ten minutes before removing. 
A cold spring should never be plunged into the 
bath, but preheated as before mentioned. When 
these instructions are followed, springs thus tem¬ 
pered will never break, providing fine British spring 
steel has been used. 

The Lead Bath for Hardening and Tempering — 
Among the many secrets of hardening is the em¬ 
ployment of the lead bath, which is a quantity of 
molten lead kept liquid over a fire. The uses of 
this bath are many. For instance, if it is desired 
to heat an article that is thick in one portion and 
thin in another, it is apparent that it would be 
difficult to heat the thick portion without over¬ 
heating the thin part. If the lead bath is brought 
to and kept at a red heat, no matter how thick 
the articles may be, in sufficient time both the thick 
and thin parts will he evenly and equally heated, 
and no hotter than the bath in which they are 
immersed. The batli of lead must be covered with 
charcoal to prevent oxidizing, as lead begins to 
vaporize at about 1190 degrees Fahrenheit, and 
when heated above that point rapidly volatilizes, 
and in so doing gives off poisonous vapors. A 
heavy layer of charcoal prevents this rapid vapori¬ 
zation. To prevent hot lead from sticking to parts 
heated in it, mix common whiting with wood alco¬ 
hol, paint the part to be heated, and let dry before 
immersing in the lead. For heating thin cutting 


blades, springs, small taps, threading dies, draw 
dies, etc., this bath is unequaled. 

To Restore “Burnt” Steel —Pulverize together 
two parts horn or hoof filings, one part sal am¬ 
moniac, one part charcoal, and one part common 
soda. When thoroughly ground together, work in 
enough tallow to make it into a paste. Bring the 
damaged steel to a bright cherry-red and then 
cover with the paste, letting it cool gradually. The 
process may be repealed several times with profit 
if the steel is badly burnt. While a piece of badly 
burned steel may not be entirely restored by this 
process it can be much improved. Entire restora¬ 
tion is scarcely possible. 

To Anneal Steel —Heat the steel to a cherry-red 
in a charcoal lire, then smother the fire down 
with a thick layer of ashes or sawdust, leaving the 
steel in just as heated. Let remain until the fire 
is all out and the steel entirely cool—which will 
require several hours. It is therefore well done 
just prior to quitting time at night. Some gun¬ 
smiths use a piece of pipe in which to heat small 
steel articles for annealing, packing fine pulverized 
charcoal in around the pieces. Cleaning will al¬ 
ways be advantageous. Put the pieces into the 
pipe, plugging the end with fire clay, and heat to a 
cherry-red. Then cover the fire, pipe and all, 
leaving it to cool as in the other case. 

To Blue Steel —Polish the article to be blued, 
then place it upon a heated steel block and watch 
until the desired blue color appears. Remove and 
let cool, which will cause the color to remain 
permanently. 

To Remove Blue Color from Steel -Immerse for 
a few minutes in a liquid composed of equal parts 
hydrochloric acid and oil of vitriol. Rinse in pure 
water and rub dry with chamois skin or some kind 
of soft cloth. 

Test lor Good Steels —Break the bar of steel and 
observe the grain. This, in good steel, will be fine 
and have a silvery look, with sometimes an exfoli¬ 
ated or layer-like appearance. One of the tests of 
steel is to make a cold chisel from the bar to be 
tested; when it is carefully tempered (be careful 
not to overheat), try it upon a wrought-iron or 
cold-drawn steel bar. The blows given will cor¬ 
rectly tell its tenacity and capability of holding 
temper. Remember the temper you give it, and if 
it proves tough and serviceable, use it as a guide 
and temper other tools in like manner. Inferior 
steel is easily broken and the fracture presents 
a dull even appearance which may very appropri¬ 
ately be termed a “lifeless look.” 

Case-hardening — You will wish to do some 
simple case-hardening on the various parts of gans 
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such as guards, butt plates, screws, etc., and on 
different parts of the locks such as hammers, 
tumblers, triggers, and plates. I shall describe this 
process briefly. The cyanid of potassium bath can, 
of course, be used as given in Chapter XVI, Vol¬ 
ume II, but the beginner will wish to experiment 
with different methods for experience until he is 
qualified and can perform the mure complicated 
processes. When gun parts are received from the 
manufacturer or dealer in the white, such articles 
are only in a partially finished condition. The 
parts on cheap shotguns are invariably soft and 
these must be case-hardened. 

The beginner will have a good subject to start 
on if he disassembles one of those double-barreled 
shotguns which are sold for $20. These parts are 
only made of soft steel, and if not treated they 
soon wear and have to be repaired. Finish these 
parts with a fine file and fine emery cloth to a 
high polish, and when case-hardened and put to¬ 
gether, all the working surfaces will be hard and 
infinitely more durable and reliable. 

Why so many in the trade do not case-harden 
their work cannot very well be explained, unless 
they are ignorant of the process or do not care to 
be put to the trouble of doing it. Some gunsmiths, 
when such work is finished, heat it red-hot, smear 
it with prussiate of potash or cyanid of potassium, 
and while hot plunge it into cold water, letting it 
chill. This produces a superficially hardened sur¬ 
face that is not even “skin deep” and naturally 
will wear away rapidly. 

If one examines a case-hardened piece of metal 
from an expert manufacturer, he will observe that 
its surface has a delicate grayish appearance and 
that in many places it is mottled with tints that 
are pleasing and beautiful. He will be further as¬ 
sured that this hardening is of such a depth that it 
will wear for a long time. As a fact, it will wear 
better than hardened steel. The condition of the 
material is that of a hardened steel surface 
stretched over the iron body of the work. It is 
stronger than steel, for it has the tenacity of iron 
at its interior. It has an advantage over steel, 
inasmuch as it may be bent when cold to a con¬ 
siderable degree, and when so hardened will not 
break as readily as steel. This elastic property 
is not retained in articles that may be case-hard¬ 
ened entirely through, for then they would be very 
brittle and easily broken; but by drawing them to 
the proper temper after hardening, in the same 
manner as a tool is drawn to temper, they may be 
of any hardness desired. 

The easiest and perhaps the best way for one 
to case-harden gun work is to have a number of 
short pieces of common iron pipe such as will be 


adapted to the size or quantity of the work, and 
have one end of these pieces securely plugged or 
closed. One way will be to heat the pipe and 
close by flattening the end with a hammer on the 
anvil. This is a “slouchy” way of doing it. A 
neater way would be to have pipe threads cut on 
the end and fit a cap such as is used to close the 
ends of pipe. Place the work in the pipe, packing 
it well with good fine bone dust such as is used 
by larmers for fertilizing land. Be careful to pack 
so that the different pieces of work will not touch 
each other. Stop the open end of the pipe with a 
cover, but in such a manner as to be readily 
opened. Place pipe and its contents in a good 
fire, letting it remain at a heat of about 1600 de¬ 
grees Fahrenheit, one hour. Remove from the fire 
and quickly empty the contents of the pipe into a 
pail of cold water, tepid water, or oil, depending 
upon the purpose for which the parts are to be used. 
For ordinary purposes, clear cold water is satisfac¬ 
tory. The practise of allowing the pipe and its 
contents to become cool, and then reheating prior 
to quenching, is based on the old rule of hardening 
on a rising heat. This method gives much more 
satisfactory results than that of plunging the parts 
into a pail of cold water at the end of the case- 
hardening period. 

Articles of malleable iron and cast-iron arc as 
easily case-hardened as cold-drawn steel and ma¬ 
chinery steel. A poor quality of steel is beauti¬ 
fied by the operation as the metal absorbs the car¬ 
bon in which it was formerly deficient. 

Bone dust is the material most readily obtained 
for case-hardening and is clean and handy to use; 
but it will not produce the mottled tints that 
charred or burnt leather or horn will. The leather 
may be prepared by cutting up old shoes, putting 
them in an old pan over the fire and letting them 
heat until they are a charcoal that will crumble 
to pieces by using a little force. Grind the char¬ 
coal to a fine powder by pounding it in a mortar. 
Tack the work with the powder. Gun guards, 
straps, and long pieces of work will become 
shrunken by case-hardening, and it is best not to 
fit these pieces into the stock until after they are 
hardened. If it is desired to have a portion of the 
work left soft and the oilier parts hardened, cover 
the places to be left soft with a coating of moist 
clay; this will prevent the hardening material from 
coming in contact, thus prevent the absorption of 
carbon, and so it will harden when put in the cold 
water. Articles which are case-hardened will not 
rust so readily as those not so treated. If parts 
are quite thin and there is danger of cracking by 
sudden chilling, the water may be warmed a little 
or a film of oil may be spread on the water. This 
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will tend to prevent too sudden a contraction of the 
article while cooling. 

If it is desired to have the work finished in colors 
or in the mottled tints seen on some kinds of case- 
hardened shotgun work, the surfaces of the work, 
before being put in the receptacles, must be nicely 
polished and then buffed or burnished. The higher 
the finish the more brilliant will be the colors. 

In using prussiate of potash to case-harden, the 
potash must be finely powdered, the work heated 
and dipped in, or if the work is large, the potash 
must he spread over it. The work must be hot 
enough to fuse the potash, and if it becomes some¬ 
what cold by removing from the fire, it must be 
reheated, removed quickly from the fire, and 
quenched in cold water. 

In preparing for these various ways of case- 
hardening, the beginner will find it easy to collect 
such articles of animal origin as cow’s horn, hoofs 
of animals, leather trimmings from shoe-repairing 
shops, and old cast-off belts or shoes. These he 
can bum in an old pan until sufficiently charred 
to admit of being easily pounded into a powder. 
He will then have material always ready at hand. 

In earlier times, when guns were as much in use 
as agricultural or mechanical implements and there 
was a gunsmith’s shop at almost every cross-road, 
there was a way of case-hardening much used that 
was simpler than the foregoing and yet quite effec¬ 
tive. Scraps of old leather were cut from old boots 
and shoes, and these were tightly wrapped and 
tied around the piece of iron to be hardened, to the 
extent of several thicknesses. Around this was 
placed a layer of sand and salt mixed in equal 
proportions to a thickness of half an inch. The 
sand and salt were dampened with water to make 
them adhere. A layer of clay an inch in thickness 
was then worked around the whole, and the ball so 
made was exposed to a cherry-red heat long enough 
to consume the leather when it was dropped sud¬ 
denly into the water. There is one more useful 


method to “chill" or harden cast-iron. Make a so¬ 
lution by dissolving in ten gallons of rainwater 
the following: 

1 peck common salt 
Vj pint oil vitriol 
y% pound potassium nitrate 
/4 pound cyanid potassium 

Heat the iron to a cherry-red and plunge it at 
once into the cold solution. This makes cast-iron 
hard enough to cut glass; it is the method usually 
resorted to for hardening the cheap cast-iron cut¬ 
ters which were common at one time. 

The foregoing methods and practises cover the 
needs of the mechanic but are hardly exhaustive. 
Heat treating is a branch of metallurgy which is 
intensely scientific and so is quite beyond the abil¬ 
ity—and fortunately the needs—of the workman. 
You should and will take pride in the physical, 
mechanical, and chemical knowledge of the subject 
you are interested in, for it requires at least some 
special training and no little study and effort to 
bring about a state of efficiency. Nothing that 
pertains to gun work in general lies outside of these 
comparatively simple processes. I would add, 
however, this caution: Do not attempt those 
things which are beyond your ability. I would in¬ 
fluence you to apply your experiments in other 
directions where failure does not carry vital con¬ 
sequences. In this we have in mind those parts 
of modern arms that have to bear the stresses of 
modern high-power ammunition. The receivers of 
bolt-action rifles and their bolts (in the Spring- 
field, Krag, Winchester, Remington, and others) 
are made of special materials of known composition, 
and the heat treatment has been adjusted exactly 
to their requirements. To touch this temper, much 
more to attempt to restore it, is beyond the ability 
of any one not scientifically trained. I council 
and urge my readers not to experiment in this di¬ 
rection. One’s eyesight, yes, even one’s life, is en¬ 
dangered. 








CHAPTER XX 


Revolver and Pistol Repairs 


W E AMERICANS are especially blessed in this 
matter of handguns, both as regards quantity 
and quality, certainly the latter, for in no other 
country are the standards of manufacture of re¬ 
volvers and pistols as high as in the United States. 
Not only in high mechanical perfection but also as 
regards excellence of design, constant improvement, 
and particularly in the development of new models 
and improved features do our manufacturers keep 
abreast of all competitors. 

The last decade has been an especially prolific 
one with our shooters when it comes to new and 
improved revolvers and automatic pistols and the 
most discriminating handgun crank has little cause 
for complaint when he considers the many new and 
improved models recently brought out: Smith & 
Wesson with their embedded head cylinders and 
their heavier-framed and better heat-treated heavy 
calihered revolvers; Colt with their matted frames 
and non-rcficcting surfaces, checkered triggers and 
grips, the readiness with which they chambered 
their most popular models to take all the better 
cartridges, and particularly the selection of fine, 
man-sized pistols and revolvers which they have 
chambered and adapted to shoot the increasingly 
popular .22-long rifle cartridge. Indeed, our rifle 
manufacturers could well emulate them in this last 
respect, and hy so doing offer to our riflemen some¬ 
thing better than the trifling, boy-sized .22 hunting 
rifles which they now produce. 

Due to this splendid quality and superior work¬ 
manship of our manufacturers, our handgun 
troubles are comparatively few. In fact it is sel¬ 
dom that a pistol or revolver fails us through legit¬ 
imate breakdown; generally the trouble is due to 
misuse, neglect, or the efforts of the owner to 
effect some change or improvement to his arm. 
This chapter will be written mainly for the benefit 
of this latter chap, the crank who is never satisfied 
with the things that be—as long as they be related 
to pistols and pistol-shooting matters. Many of the 
subjects applicable to pistols and revolvers, such as 
adjusting trigger pulls, bluing and browning parts, 
checkering of stocks, etc., are covered in other parts 
of these books under their respective heads; there¬ 
fore this chapter will only deal with those special 
problems peculiar to handguns. 


A revolver is a repeating pistol operating by 
means of a revolving cylinder. A pistol is a single¬ 
shot rifle of such size and shape that it can be aimed 
and fired with one hand. For this reason wc clas¬ 
sify the automatic as a pistol, since it also has a 
single barrel. In modern revolvers only the cylinder 
revolves, but in many of the obsolete arms the bar¬ 
rels revolved. The cylinders in modern arms arc 
chambered to take from five to nine cartridges, six 
being the standard. The term "pistol” is applied 
rather indiscriminately by many to revolvers, auto¬ 
matic pistols, and the single-shot pistols; this is 
particularly the case in the average newspaper of 
today. Since the use of all three of these arms has 
become so popular, and the skill in shooting them 
has been developed to such a high degree by the 
target shooters of the day, there is a recognized 
difference in the use of these arms and in the skill 
developed in manipulating them. 

Great credit is due the American manufacturers 
of handguns, particularly our two leading firms. 
The requirements for our national weapon are many 
and varied, and theirs has been an up-hill fight, 
increasingly hard of late years because of the fool 
anti-gun laws being passed by every police-ruled 
municipality. Prohibition, it seems, was admittedly 
a failure, but not firearms prohibition; let us do 
away with these weapons of destruction and by so 
doing place any and every law-abiding American 
citizen at the absolute mercy of armed crooks who 
admit of no law but the rule of intimidation. And 
it is but yesterday to a large portion of this country 
when the “six-gun” was the only law' known in that 
section and every American went about with law, 
order, and justice always at his right side. 

Revolver and automatic pistol repairs are rarely 
encountered with our best American arms; trouble 
is mostly experienced with the cheap arms produced 
here and abroad, and these require many minor 
repairs. European nations may lead in other fire¬ 
arms, particularly England and Germany, but not 
in handguns; altho some very good examples of 
automatics are produced in Germany. But the 
majority of foreign pistols and revolvers arc cheap 
beyond comparison. Every week a surprizing num¬ 
ber of cheap arms which are worthless or far be¬ 
yond redemption come into my shop for repairs, 
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Fig. 125 

The old peace-maker thal brought law and order to our early frontier. 

The Colt single-action revolver 


and I have learned that it does not pay to bother 
with such weapons, for you will spend more time 
trying to get them in working order again than 
you can ever charge for. This is especially true of 
the Spanish handguns, and if 1 can avoid repairing 
these, I do. Actually, it is always best to treat 
these as experimental subjects on all/occasions. 

All our better grade of domestic arms reflect 
superior workmanship and manufacturing facilities, 
and it is always advisable to ship these back to the 
factory when any major repair or replacement is 
indicated. However, owing to the existing postal 
laws, this is an expense and inconvenience to a great 
majority of our pistol shooters; hence, if only a 
minor trouble exists it will pay to make the repair 
yourself. When shipping back any handgun it must 
be sent by express, such articles being now excluded 
from the mails. 

The work done by the owner of our better class 
of revolvers and pistols usually consists of remodel¬ 
ing the hand grips, bettering the trigger pull, 
changing or correcting the sighting of the arm, 
remedying slight ejection or ignition troubles, and 
a possible bit of retouching the finish of a worn 
action or barrel. As far as the average gunsmith 
is concerned, the lid is off and he is liable to be 
called upon to fit a new barrel or cylinder just as 
quickly as to reassemble the latest model from 
Colt’s which the proud but stupid owner took apart 
as soon as received “to see how it worked.” Hence 
I must cover considerable ground in this short but 
important chapter. 

New Grips — This is one operation which the 
amateur can work on to his heart’s content and 
with slight likelihood of doing any damage to other 
parts of the gun. If you should spoil a grip over 
which you have spent two or three days’ time— 
what’s the difference? You can easily cut out an¬ 
other piece of walnut and begin all over again, for 
the experience gained will be beneficial in many 


ways. Work of this type is essential to your future 
good markmanship, as the feel and fit of the grip 
of a handgun is just as important as the stocking 
of a match rifle and a pair of properly fitted grips 
will gradually increase your scores on the target. 

All scrap pieces from the better grades of gun- 
stock blanks should be saved and this wood used 
for pistol grips. When available, select the dark 
pieces of Circassian, French, or Italian walnut. If 
nothing but American walnut is at hand, pick out 
those sections of root growth which have the closest 
grain and the finest figure. The soft sections of 
American walnut are worthless for grips, and much 
time and effort will be saved if the finest of Euro¬ 
pean walnut is used; the amount required is small 
and the price will be little if anything. Beautiful 
burls may be selected and grips made which are 
unique in coloring and pattern, in addition to being 
a proper fit for the shooting hand. 

The blanks should be sawed out much oversize 
all around and each pair should be gotten out from 
the same piece of wood, particularly if it is well 
figured. Saw the piece roughly to shape, but have 
it twice the required thickness; then split it with 
a fine-toothed saw and use the two halves “inside 
out,” which will make the grain and “pattern” 
identical on each side of the grip. 

The tools required for fitting consist of small 
carving chisels, a small rasp, and small half-round 
files. Also, forms will have to be cut out of hard 
wood to hold the grip in place in the vise. I have 
seen many a good job done at home with a small 
vise clamped to the table top. 

If the dimensions and outlines of the new grip 
will be larger than the frame, the front and back 
straps must be inletted into the wood just half their 
depth on each grip. Follow the same general rules 
used in the inletting of rifle actions, and cut the 
outlines of the frame straight into the wood, using 
the wood-carving chisels—the small, sharp chisels 
are the ones required. Use mouse-like gnawing 
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cuts. Spot in the grips with lampblack, using very 
light coats on the frame. The two edges of the 
wood must meet in the center of the straps and 
each grip must have perfect contact with the other 
so that when the work is finished you will scarcely 
see the dividing line; otherwise when the two pieces 
come together you will see rather large cracks be¬ 
tween them. 

After the blanks are properly fitted to the straps, 
drill the holes for the stock screw and alinement 
pins, and counterbore for the escutcheons. It will 
not be advisable to remove and use the escutcheons 
from the standard grip you are replacing; better 
make new ones and also a new screw. The regular 
stock screw will not be long enough, and if used, 
it will be necessary to counterbore so deeply as to 
spoil the appearance of the job. Fit the new stock 
screw up tightly so there is no creep or give to the 
grips. With the blank now properly fitted to the 
frame, form the wood to the shape of the model 
you have decided upon, using the carving chisels 
and different shaped files. To arrive at the proper 
shape, clamp the barrel between the felt jaws of 
the vise and carefully work down the surplus wood. 
Be very careful that the files do not touch and mar 
the metal at any time, and when finished to the 
required form and outline, remove the grips from 
the frame and fasten them to a dummy block of 
wood by means of a small wood screw through the 
escutcheon screw holes. Now hold this block in 
the vise and do all that final touching up which was 
impossible while the grips were on the finished gun. 
They can be sanded down while on this dummy and 
you may wet the wood and raise its grain as is 
done for a rifle stock, a process described in the 
chapter on Modeling and Shaping. After this op¬ 
eration they may be finished by using any of the 
formulas given, in the chapter on Giving the Stock 
Its Final Finish, and then checkered or carved as 
described in Chapter XIII. 

Artistic skill may be exercised in various carvings 
or decorations. A strip of V 32 J %4 or /r t inch 
silver may be fitted between each side of the frame 
and the wood, with the outer edges polished very 
highly. This gives a most beautiful contrast be¬ 
tween the blued steel and the wood. These silver 
strips work equally well on either revolver or auto¬ 
matic pistol grips. Or a piece of sheet silver may 
be fitted to the bottom of the grip and then covered 
with a piece of buffalo horn and the latter rounded 
off in conventional lines; this ‘‘grip cap" is held in 
place by two small screws into each of the right- 
and left-hand grips, or by a center screw counter¬ 
sunk into the metal bottom strap after alinement 
pins have been inserted in a manner identical with 
the regular stock pins. 


Grips may be made of materials other than fine 
woods; there is available buffalo horn, mother of 
pearl, ivory, walrus ivory, stag horn, cow horn, 
etc. The artistic student may wish to “crib” 
Charlie Russell’s trade-mark that one sees in the 
comer of all his paintings, substituting his own 
initials for that “C.R.” which centers on the steer’s 
horns still intact. Or some very fine decorative 
work can he done by setting in various forms of 
ivory and buffalo-horn inlays as suggested in 
Chapter XIII. 

The dyed-in-the-wool target crank may want to 
depart entirely from the conventional designs and 
model his grips to conform exactly, by allowing 
grooves for each finger and the thumb of his shoot¬ 
ing hand. And here is really where plastic wood 
comes into use in gun work. The best method of 
arriving at this perfectly-hand-filling grip is first 
to make temporary grips of thin white pine or 
similar wood and then mould out the personal char¬ 
acteristics of the individual hand. To do this, 
spread a thick layer of plastic wood over the fitted 
panels, oil the hand slightly to prevent sticking, and 
firmly grasp the pistol butt in the exact position 
used in the act of firing. Take your proper stance 
and actually aim the gun at the target, arm ex¬ 
tended as in firing; hold it there for a brief interval 
and then remove the gun from your hand without 
disturbing the rough mould, which should be in 
exact conformity to your hand and fingers. Care¬ 
fully remove any surplus from the straps with a 
penknife and then clamp the barrel in a vise and 
let the mass dry and harden. The shape will 
remain. 

Plastic wood may, after drying, be filed or sanded 
to any shape desired, or it may be changed until 
you have the desired form by adding to any point 
found lacking. Before going too far with the finish¬ 
ing of the plastic wood stock, take the gun out on 
the range and actually lire it at the target. Keep 
altering the shape until you have a perfect hold 
in the grip which suits you best. This actual shoot¬ 
ing may show up points or faults not noticed when 
merely pointing the gun. After you have the grip 
exactly correct and to suit your fancy you have a 
model which may be copied in walnut or in any 
other material which you decide upon. 

This model made from plastic wood may be 
heavily shellacked and castings made of it from 
aluminum, as this is an ideal metal for such pur¬ 
poses. Or you may wish grips which are unbreak¬ 
able but of the standard shape on the gun; simply 
use the factory grips as a pattern, but first build 
up the under side %o inch by gluing on thin card¬ 
board of that thickness. Grips thus cast from this 
pattern will be exact duplicates of the standard 



274 


THE MODERN GUNSMITH 


stocks, even to the medallions and checkering. Any 
foundry specializing in aluminum castings should 
turn them out very smoothly, and all that is re¬ 
quired is a good scratch-brushing to dull the ap¬ 
pearance of the metal. If obtainable, a sand-blast 
finish is to be preferred. The checkering on these 
aluminum grips will never wear smooth as a wood 
grip will in time. 

On most of the double-action revolvers the space 
back of the trigger guard permits the hand to slide 
up too far for a firm and steady hold. When fit¬ 
ting new grips it is possible to have the wood come 
forward to the guard and eliminate this opening, 
with a greatly improved grip as a result. Some 
shooters fill this in with plastic wood to suit their 
taste or make up a piece of cold-drawn steel as 
shown in Figure 126. The raised projection just 




Fig. 126 

Plates and finger grip used on target revolvers for better 

bolding 

fits in between the fingers while the top part fills 
out the space; it is screwed in place by two small 
screws set in through the frame from the inside. 
I have also filed out this space and dovetailed in a 
piece of cold-drawn steel, making the fit so it was 
scarcely noticeable and looking as tho it were part 
of the frame. This was also anchored in place by 


an inside screw. There has recently been placed 
on the market a device to remedy this failing. It 
is supplied in varying sizes to fit all models. 

Often a piece of Z tQ -inch sheet aluminum may 
be placed and fitted under both grips to widen out 
the stock V& inch, which makes a great improve¬ 
ment over the standard grip for the man with a 
big hand, shown in Figure 126. 

Sights — The factory sights on revolvers and 
pistols are made to suit the ideas of the average 
shooter and a great many persons take it for 
granted that the height of perfection has been 
reached in these “standard” sights. But you may 
be one who must have better sights for better re¬ 
sults or else to suit your own peculiarities of hold¬ 
ing or eyesight. The sights on these arms can be 
altered to suit any idea or person—provided that 
person has originality enough either to do the work 
of alteration or to express clearly his idea to 
another. 

The exact use and purpose of the arm must be 
considered before the old sighting equipment is 
stripped off. If a revolver is to be carried in a 
holster and used for protective purposes, it must 
have sturdy, substantial sights which cannot be 
bent or knocked out of place; sights which will not 
in the slightest interfere with the rapid drawing 
of the arm in an emergency. Sharp corners and 
square edges are totally out of place here; what 
we want is plain, solid sights “low down” on the 
barrel, and with rounded outlines, beads, or tips. 
A gold-bead front sight is apt to be especially suit¬ 
able under such conditions, particularly one with a 
sufficiently large bead. On a target arm the exact 
opposite is called for; here we want clear, square, 
black, sharp, clearly defined sights which will show 
up in strong contrast against the target, and which 
are capable of minute and positive movements. The 
target arm will always be handled carefully and we 
can use the finest of pin-head beads for a front 
sight if desired. 

The last decade has witnessed a great improve¬ 
ment in the matter of standard sighting equipment 
on our better-grade American revolvers and auto¬ 
matic pistols, particularly on the target arms with 
movable sights. The principle is entirely different 
in our two leading makes—Colt and Smith & 
Wesson. The latter firm fit a fixed front sight on 
all their various models and have designed a flat 
rear sight which permits movement of the notch in 
two directions, allowing for both elevation and 
windage. The Colt Company fit a front sight on 
their target arms adjustable for elevation, but some 
ingenious person may design a more simple means 
of raising and lowering this sight and of locking it 



REVOLVER AND PISTOL REPAIRS 


275 


in a more positive manner. Their rear sight is a 
simple sliding bar moving in a dovetail slot across 
the frame. Both firms cater to the prevailing 
fashion of the day in the matter of sighting com¬ 
binations; namely, the “U” rear notch with bead 
front sight of various-dimensioned tips and the 
Patridge type of wide, square and sharp-edged front 
bar with a corresponding wide and square rear 
notch. 

The sight bases on either of these revolvers allow 
one to substitute, in a simple manner, other com¬ 
mercial sights or those of his own manufacture 
which can be made from a sheet of steel of the 
proper thickness. Only a hack-saw and a set of 
needle files are required to construct any form you 
may wish. In the Smith & Wesson the substitu¬ 
tion is extremely simple with either front sight or 
rear bar, altho the front sight is much harder to 
file out than the movable rear. The shooter can 
make and try out any number of combinations of 
various widths of the Patridge type of sight on a 
Smith & Wesson arm, the rear sight being espe¬ 
cially easy to experiment with as it is but a plain, 
flat bar of metal. The Colt is a trifle more difficult, 
particularly the front sight with its threaded and 
pivoted arrangement. 

It is a puzzle to many shooters why the sights 
of some of our target revolvers should be so high, 
and here is a place where the careful workman with 
a few needle files can work a much needed improve¬ 
ment and at the same time take a somewhat 
awkward appearance off one of his favorite arms. 

An improvement can be effected in the standard- 
type revolvers with fixed sights which have the 
small “V” notch at the rear of the top strap. A 
dovetail can be filed out across the strap, placing 
it as far to the rear as thickness of metal will per¬ 
mit; then a lateral sliding bar can be tapped for 
a small set screw if desired, as the dovetail should 
be parallel, which will permit an accurate lateral 
movement of the sight notch for windage or “hold¬ 
ing allowance.” This method is especially ap¬ 
plicable to the old Army model-.45 Colt revolver, 
various military automatics, and the .22-caliber 
single-shot pistols. 

The use of a peep sight is not practical on the 
usual revolver or automatic pistol, as these arms 
must be held at arm’s length when fired and this 
defeats the optical principles of the aperture sight. 
However, some of the older generation of pistol 
shooters will remember that fine little pocket arm 
of the Ws (1890)—the Stevens Diamond Model 
.22 pistol which came equipped with a small aper¬ 
ture rear sight and fine pin-head front bead. The 
conventional manner of shooting this gun was to 
fold the arms together in front of the face with the 


pistol laid on the left biceps while the head leaned 
forward and rested on the right elbow and left 
hand; this brought the face up against the right 
hand with the eye right up to the aperture accord¬ 
ing to the best of peep-sight principles. Remark¬ 
ably accurate shooting could be done in this 
manner, but I have not seen such a position used 
b} r the last generation. However, the use of a 
peep-sighted pistol is entirely possible under these 
circumstances with an arm whose recoil and power 
is not too great, and users of .22 single-shot pistols 
who care to try them with a peep sight can fit in a 
suitable rear and bead front sight. 

The question of a suitable front-sight base often 
arises, due to the barrel being shortened or some 
arrangement being made whereby front sights may 
be changed readily. At times a fixed, slotted stud, 
similar to the Springfield rifle, can be made and 
fitted. The band or fixed stud may be made from 
steel tubing filed down to shape or it may be bored 
from solid metal and ground and filed to shape. 
This stud may be attached to the barrel by sweat¬ 
ing or by being snugly fitted and then pinned with 
a cross-pin biting into both barrel and stud. A 
small headless screw can be used if set vertically 
through the thick part of the stud and just entering 
a shallow drill hole in the barrel. Either of these 
methods will lock the stud in place. The sight 
proper may be finished up in any shape desired, but 
before finishing it should be fitted temporarily into 
the slot and the arm fired on the target to deter¬ 
mine correct height of front sight. After the cor¬ 
rect height is determined it is finished to any de¬ 
sired shape of bead, carefully polished, blued, and 
fitted into the slot so it can be easily substituted 
for some other style of sight, or anchored per¬ 
manently in place. 

Should the front sight be of an awkward-looking 
height on a revolver barrel it is entirely possible 
and in good taste to fit a low, short ramp. In 
many cases this will add a most attractive look to 
the gun, but the height and particularly the length 
must be studied out and be in proper proportion 
to the length of barrel. A length of between 1 and 
1 Y 2 inches will generally be right; on a target re¬ 
volver this makes the outline very pleasing and if 
matted properly is an aid to good shooting. This 
ramp may be made with an encircling band and be 
sweated on the barrel in the same manner as on a 
rifle, or it may be made without such a band, but 
sweated in place with an additional small screw 
holding it fast; the solder and screw will make it a 
perfectly tight union. It could be silver-soldered in 
place, but I do not advise this operation except at 
the factory, where they have the proper equipment 
and experienced men; in too many instances this 
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has been tried by amateurs and resulted in a ruined 
barrel. 

In Volume II we shall take up the manner and 
methods employed in the making of special sights 
for revolvers and pistols, which in itself comprises 
quite a lengthy chapter. 

Sight Adjustments — A revolver or pistol as 
received from the factory will often group its shots 
to the right or left, or above or below the object 
aimed at; generally the misplacement is in a lateral 
direction. This is not due to carelessness in manu¬ 
facture, as all quality handguns are targeted by 
skilled marksmen before leaving the factory, and 
must perform in an accurate and satisfactory man¬ 
ner before passing their rigid inspection. Such 
sighting discrepancies are generally due to the 
shooter’s lack of training, peculiarity of hold, or 
incorrect method of trigger squeeze, generally the 
latter. The past generation has seen a great im¬ 
provement as regards the proper sighting of arms 
by the factory; I can remember when the .38 
double-action revolver was the official side arm of 
our armed forces and in those days you went out 
on the target range to find out which corner of the 
target frame was to be aimed at in order to place 
your bullet in the bull’s eye. It is a long cry from 
that comparatively inaccurate and ineffective 
weapon to the accurately sighted and powerful .45 
automatic of today. 

Minor sight corrections are easily effected where 
the arm is equipped with adjustable sights, and 
you will invariably find such an arm with the rear 
sight slightly off center to compensate for some 
individual peculiarity of eyesight or holding on the 
part of the owner. But where the gun is a standard 
model with fixed sights, “as issued” according to 
the rules, the problem is by no means so simple or 
so jeadily corrected. Sometimes the front sight can 
be bent to one side a trifle to accommodate the 
deficiency, but often the shots will be grouped 
either too high or too low. If the latter, it is an 
easy matter to file down the front sight and make 
the necessary correction, but if the arm is shooting 
too high it will be necessary either to make a new 
front sight or to build up the old one. 

To increase the height of a fixed front sight, file 
off Ym inch and then place a % 2 -inch saw slot 
through the center running “fore and aft.” File 
out a new blade to fit into this slot; the width of 
its top section should be a little greater than the 
width of the standing sight. The under-cut which 
is filed to fit into the saw slot must be a neat fit of 
the same depth as the slot, and when completed 
this is sweated into place. If due care is used in 
the operation, the joints are barely noticeable. 


Shoot the revolver at the desired distance and 
gradually file down the surplus height until the gun 
shoots into the exact center of the aiming point. 
After this sighting in, finish off the sides neatly 
with a file and then reblue the entire blade. 

If you find it necessary to bend the front sight 
to such an angle that it looks incongruous, bend 
it back into line again, fit a thin plate to the proper 
side of the sight and sweat it in place. This in¬ 
creases the width of the front sight and will cause 
the groups to move in the direction desired, even 
tho it is wider than the original sight. For ex¬ 
ample, suppose the shots are going to the right of 
the mark; accordingly, the plate is sweated to the 
right side of the front-sight blade. The additional 
amount of metal placed on that side necessitates 
swinging the muzzle to the left to center the mark 
with the wider front sight, and carries the group to 
the left also. File down the proper side of the 
widened blade until the gun is shooting in desired 
location and then polish and reblue. If you wish 
your group to be moved to the right, the plate 
should be sweated on the left side and you file off 
surplus metal from the right. 

A change of this nature on the front sight may 
necessitate some alteration of the rear sight also. 
You may be able, by filing the rear notch slightly 
to one side or the other, to assist in the change 
of grouping caused by moving the front sight; or 
in case the desired change is slight, possibly the 
entire alteration can be effected through filing this 
rear notch to one side. Keep in mind that move¬ 
ments of the rear sight control the group location 
just as readily as the front sight, but the movement 
is just opposite, the shots moving to the same side 
as the notch. This simply means doing all the 
filing on one side of the notch, and maintaining 
the other side in its original form. Often it is de¬ 
sired to square out the bottom of a U-notch and 
change it to a wider Patridge type of sight; this 
can readily be done with a fine, square needle file 
having two safe edges. 

With the .45 automatic it is easy to change the 
shot grouping laterally, as the rear sight may be 
moved in its slot. This is also a nice sight to 
interchange and experiment with. 

Changing and Fitting New Barrels — This is 
a job I would advise sending to the factory unless 
you have the necessary tools to carry out such an 
operation properly; or at least the necessary tools 
to make the required fixtures to do the work, 
namely, a proper barrel clamp and wrench. 

Usually when one attempts to remove a revolver 
barrel by holding it between wooden jaws in the 
vise and using a monkey or crescent wrench, the 
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result is a sprung frame. The backwoods method 
of winding a long rope around the barrel and turn¬ 
ing it with a pick-ax handle seldom works here. 
This applies to most single- and double-action re¬ 
volvers, particularly to those double-action revolvers 
in which the left side is cut away in order to re¬ 
ceive the crane. Very few of the double-action 
frames are hardened, and it is an eas}' matter to 
spring such frames very badly unless a suitable 
wrench is made to encircle the cut-out on the left 
side and at the same time be made to the correct 
form for bearing against the right-hand side. The 
Frontier and Bisley model Colts have case-hard¬ 
ened, one-piece frames; therefore these are not as 
easily sprung as the divided double action; yet 
wrenches should he made for them as well. 

If you do not wish to go to the trouble of making 
a solid wrench, as shown in Figure 127, two pieces 


revolver be sure first to remove the small pin 
which goes through the frame and the top por¬ 
tion of the barrel threads and which holds the bar¬ 
rel rigidly in place. 

To make a special cast-iron clamp the full length 
of the barrel requires a shaper or milling machine 
to form the block. It should have a two- or 
three-degree taper on the sides so that when it 
is placed in the vise the direct pressure will be 
directed against the top; thus the clamping pres¬ 
sure is solely upon the barrel. When the shaping 
of the outside is completed, the tapered hole is 
bored, and this should be to the same taper as the 
barrel. A clamp should be made for each different 
make of revolver, the sizes and tapers varying 
somewhat on different models and calibers. After 
the hole is bored out to fit the barrel intended, a 
V^-inch slitting saw is run through to within % 
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Tig. 127 

Tools lor removing and screwing in revolver barrels 


of steel can be made to fit a crescent or monkey 
wrench. With these placed between the wrench 
jaws and tightened well against the frame, and the 
barrel clamped very tightly in the vise between 
the steel clamp as illustrated in Figure 87, Vol¬ 
ume II, any barrel will break free from the frame. 
When removing the barrel from a Smith & Wesson 


inch of the bottom. A larger slot is made at the 
top in order to allow the front sight to clear; and 
if for a Smith & Wesson, a much larger opening 
is bored at the breech end to allow for the swelled 
breech, and also the crane lock at the bottom, as 
this is integral. 

If you are not in a position to make these special 
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parts necessary to remove or screw in barrels, it 
will be far better to send the gun back to the fac¬ 
tory where they have the proper fixtures for hold¬ 
ing, and appliances for removing old barrels. They 
can do this operation without any possibility of 
damage; and should any damage occur it will be 
repaired or the damaged parts replaced without any 
cost to the owner and without his knowledge. 

Having removed the old barrel, clean out the 
threads in the frame with gasoline; a swab on the 
end of a stick or a small round brush will work well 
into the inside and clean it more thoroughly. Wash 
all grease out of the threads on the new barrel and 
apply a few drops of thin oil, say No. 1 sperm. 
Screw the new barrel into the frame by hand until 
the shoulder touches and then place it in the barrel 
clamp; tighten well in the vise and with the proper 
frame wrench pull it up into place, until the sight 
is at right angles with the square insides of the 
frame. 

Generally it will be impossible to pull or turn 
the barrel to its final position at right angles with 
the frame. If so, back out the barrel and chuck it 
in the lathe, get it running perfectly true, and with 
a finely pointed side tool take a very fine cut off 
the shoulder of the barrel; again try and see if it 
can be fitted into the correct position. It may be 
necessary to take two or three such light cuts be¬ 
fore it docs come into proper alinement. Some 
gunsmiths try to pull a new barrel into place by 
extra effort, but this strains the threads; they 
should be set up very tight but this extreme is 
unnecessary. 

If you do not have a lathe available to face off 
the shoulder on the barrel, it is in order to use a 
very fine file, and file off the face of the frame 
where the barrel shoulder meets. Prussian blue is 
used on the face of the barrel shoulder and spotted 
against the face of the seat of the frame; as the 
high spots are removed new r spottings must be 
obtained. This is continued until the new barrel 
sets up light and in perfect alinement. By properly 
spotting the barrel shoulder, a perfect bearing sur¬ 
face is obtained against the frame, which is a very 
important point in all revolvers. 

The newly fitted barrel will now be found to 
extend too far out from the rear end of the frame 
to permit the cylinder to close and lock in firing 
position. This condition is corrected by holding 
the barrel, muzzle down, in a vertical position be¬ 
tween the felt vise jaws, and with a fine pillar file 
dressing off the rear end of the barrel. Too much 
care cannot be used in doing this to secure a per¬ 
fectly flat and square surface with a minimum of 
clearance which will permit the cylinder to clear 
and revolve properly. At this stage of the opera¬ 


tion a very fine oilstone is used in connection with 
a feeler gauge; stone off the end of the barrel until 
a clearance of between 0.001 and 0.002 inch is 
reached with the feelers. Have the former the “go” 
gauge and the latter the “no go” at all segments 
of the barrel and you will be right. Revolve the 
cylinder and see that it will clearly pass every 
chamber position without binding; here is one of 
the fine adjustments in good revolvers. 

After filing and stoning off the rear of the barrel 
for the correct clearance between it and the cylin¬ 
der, a slight burr usually remains on the inside 
edge. This must be removed or the barrel will 
spit lead to some degree. To remove, take a short 
piece of round oilstone and grind an angle on its 
end in a circular radius; this can readily be done 
on the emery wheel. Make the angle slightly 
greater than the chamber on the rear of the barrel. 
Insert this in the chamber and twirl it around with 
the fingers, using only sufficient pressure to remove 
the burr and take the sharp edge off the end of the 
barrel. This operation removes the knife-edged 
burr, and a bullet will never be sheared as it is 
delivered into the barrel. 

When a new barrel is fitted into a .22 automatic 
pistol, be very careful that the extractor slots come 
into proper alinement when the front sight is at its 
correct angle with the frame. Should they be 
slightly out of alinement when the sight is correctly 
fitted the barrel must be removed and its extractor 
slot widened out very slightly until the slide will 
close perfectly without any binding or friction 
against the extractor. A little Prussian blue will 
show the exact bearing if there is any binding 
against the cut-out. 

Replacement ol Parts — It does not pay to 
attempt to make small parts W’hen they can be 
ordered so reasonably from the factory. Of course, 
if one wishes to gain the experience it is then advis¬ 
able to make them, provided you have the broken 
part to use as a model. If not, better buy the new' 
part, as some arc so complicated in form and struc¬ 
ture that you may spend many hours of labor 
before the correct shape is finally obtained and then 
you may have to make a number before having 
one which will work. 

The old Colt single-action Peacemaker seems to 
be the worst offender among the revolvers in regard 
to broken parts, and I have more of these come in 
than any other model. This gun was designed some 
sixty years ago, at a time when our mechanical 
engineers were not as conversant with working 
stresses and steels as they are now—or with six- 
shooters either. Many of the working parts of this 
big gun are comparatively weak, particularly the 
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sear and bolt spring, hand and hand spring, end of 
trigger, and main spring. At times the base pin will 
wear at the notch or its catch become weak and 
permit the pin to slide forward from recoil. The 
owner of this arm who expects to shoot it much 
should have a few extra parts always on hand, par¬ 
ticularly sear and bolt springs and hand springs. 
The firing pin on this arm is one of its strongest 
features and one seldom hears of this being broken. 
Despite all its faults owing to the weakness of the 
parts I have enumerated, this arm can usually be 
operated and functioned by hand provided the 
main spring is not the part broken. 

Next in the line of cripples is the old double¬ 
action Colt Frontier model. There are still a great 
number of these around the country, stiff from dis¬ 
use, and when picked up and operated they arc 
usually found disabled through the breaking of 
some small part just as in the Army model. How¬ 
ever, this double-action model has absolutely no 
appeal to the handgun crank of today, and since 
it is entirely obsolete repairs arc only made to keep 
the old relic as a memory of the past. 

The .38-caliber old-style double-action Colt mili¬ 
tary revolvers, which the government sold in such 
numbers, is an arm whose parts cause its owner 
much trouble; or rather, not so much the parts as 
the unusual manner in which they are assembled. 
Nearly all part trouble can be traced to owners 
who disassembled the arm and then did not get 
the hand spring back in its correct location; this 
lies in an odd position. After removing the side 
plate and having cleaned or repaired the gun they 
neglect to note how this spring is against the pin 
on the plate; they assemble it on the rear side of 
the pin, and upon trying out the action the spring 
is bent or broken as the hammer is drawn back. 
There is also much trouble to be expected with the 
bolt spring when you assemble the parts; it usually 
takes three hands to compress the rebound spring 
and place the rebound lever in position together 
with the bolt and spring. Broken main springs are 
common with this model but these can be replaced 
very easily. 

There are so many automatic pistols on the mar¬ 
ket that I shall not attempt to enumerate them or 
the list of necessary replacement parts for the most 
common breaks. We shall disregard the cheaper 
foreign arms entirely. One finds few minor troubles 
on the better grade of automatic pistols. The 
three outstanding causes which I discover on the 
automatics brought in to me to repair are: badly 
neglected and rusted barrels; worn and bent maga¬ 
zines which permit the action to jam; and parts 
which have been ruined through the owner’s igno¬ 
rance in taking a drift punch and driving out some 


part looking like a pin, possibly ruining both the 
part and the surrounding portion of the frame. 

A common error made when trying to disas¬ 
semble the Colt .32 and .380 pocket automatics is 
to push the retraction spring in against the plug 
with a tool of some kind and get it caught on the 
inside of the frame. If the plug cannot be entered 
again, the usual method is to saw the end off the 
receiver so that the spring may be removed through 
the opening made, or the plug made to enter the 
hole. 

No matter how many sheets of instructions come 
with an arm, there are people who try to do it 
differently and in the end bring the gun in to some 
gunsmith to have it placed in condition again; at 
times it can be done and at times not without being 
sent back to the factory. 

If an old magazine causes the pistol to jam, it is 
best to buy a new one, and send the arm back to 
the factory to have it properly fitted. It may be 
temporarily repaired by a slight bending of the 
magazine lips, but the sheet metal has probably 
lost its temper and will no longer hold to shape. 
At times a new follower can be made from a piece 
of steel and inserted, but in general magazine re¬ 
pairs are only temporary and it is not long before 
the fault is repeated. 

The ejector on the .45 automatic goes bad at 
times and will throw the ejected cases into the 
shooters face, and often jam the action at the same 
time. When this happens it is always best to buy 
and fit a new ejector rather than try to alter and 
repair the old one. 

A rather common extraction trouble on the .22 
Woodsman is caused by the owner’s neglecting to 
clean the arm due to the use of some “cleanless” 
make of ammunition. The chamber becomes 
slightly rusted or pitted and the soft copper case 
expands when fired and sticks in the chamber. The 
remedy is to strip the action and polish out the 
chamber with a piece of fine emery cloth threaded 
on a piece of drill rod, the end of the rod having 
been slit with a hack-saw. Take a short piece of 
rod and revolve it with a hand drill, being espe¬ 
cially careful not to enlarge the forward end of 
the chamber. Work the cloth back and forth as 
it revolves and do not go too far forward with it 
and cut the “Iced.” After that fault is remedied, 
see that the condition does not occur again; wipe 
out the chamber and give it a slight oiling occa¬ 
sionally. 

Misfires — This serious offense can be traced to 
various faulls, but in a number of instances it will 
be found to be due to the owner’s misdirected ef¬ 
forts in having ground down the main spring in 
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Fig. 128 

Colt caliber .22 automatic. A very efficient weapon lor the woodsman 


order to make the revolver cock and fire more 
easily. When this is the cause, better send to the 
factory for a new main spring, or make one your¬ 
self from the best British spring steel as explained 
in the chapter on Spring-Making in Volume II. 
Most target shooters go to the extreme when they 
grind down the main spring on their pet target gun 
and then they wonder why so many misfires should 
occur with a standard arm and standard ammuni¬ 
tion. never realizing that the fault is due to their 
own folly. 

I wish to stress here this folly of weakening the 
main spring of a revolver in order to obtain a 
higher speed of fire. If there is any one occasion 
on which the shooter needs perfect ignition and 
certainty of fire from his revolver, it is when he 
is practising or working up speed in the firing of 
five or six shots against time. Quite a number of 
shooters derive much pleasure from such practise, 
and there exists a widespread fallacy that the 
weakening of the main spring is an essential and 
practical means towards the attaining of a higher 
rate of fire. On the contrary, it is an extreme 
source of danger. The trouble lies, not in a mis¬ 
fire but in a hang-fire. Imagine the results from 
delayed ignition in the case of a shooter who can 
throw out five shots in less than two seconds' time; 
the cylinder of his revolver might be half way 
around to the next chamber before the bullet leaves 
the case. Both main spring and trigger pull should 
be standard weight for this sort of shooting. 

Sometimes in these revolvers where the firing pin 
is separate from the hammer, misfires will be in 
evidence as a result of wear or damage to the point 
of the pin. In many instances it may be worn too 
short. Purchase a new firing pin from the factory 
or make one from the finest of chisel steel, harden 


it, and then draw the temper to a dark blue color. 
When fitting this new pin into the old bushing 
already in the frame, see that it has a free fit, not 
too tight, and operates freely. Too much care can¬ 
not be used in rounding up the profile of the point, 
as show n in Figure 129. 



It is surprizing how many different ideas are en¬ 
countered as to the pointing of new firing pins or 
strikers. The usual mistake made by the amateur 
is to give it a sharp point as on a wire nail or go 
to the opposite extreme and flatten the point. In¬ 
stead, it should have a one, two, or three caliber 
radius on the end to give the correct indentation 
in the primer. The profile of a firing pin for a 
ccntcr-firc primer is of a different shape from that 
required for rim-fire ammunition. Study the profile 
of firing pins as they are received from the factory; 
place a magnifying glass on them and see how r 
carefully they have been shaped up to a certain 
and proper radius. Tf you decide to make one 
yourself, be careful to have it free of all file marks; 
these aggravate the puncturing of the primer. The 
point should have a high polish without any rough¬ 
ness whatever, so that there will be a burnished 
surface to the indentation where it strikes the 
primer. 
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There are times when the firing pin is in perfect 
shape, but the hole through the frame of the re¬ 
volver is worn too large. This will often cause mis¬ 
fires, as it permits the hammer nose (firing pin) to 
strike near the edge of the primer instead of in its 
center. To correct this defect when there is no 
bushing in the frame, drill and countcrborc it out, 
tap the hole, and make a suitable bushing of good 
alloy steel. This means a job for a good mechanic. 
The new hole must be reamed to proper size, with 
the correct amount of clearance from the back. 
Should a new firing pin be necessary, the old ham¬ 
mer nose can be removed from the hammer by re¬ 
moving its rivet, and a new one either purchased 
or made. 

The firing pins on automatics will occasionally 
break and it is advisable to have an extra one on 
hand. Because it is of a caliber used a great deal, 
the Colt Woodsman suffers such a mishap at times, 
and it is sometimes necessary to fit in the new 
pin to allow a trifle more “protrusion” or make the 
head a bit longer in order to have it function 
properly against the cartridge rim. If the new pin 
will not explode the cartridges correctly, I usually 
make the next one Vic inch longer, and instead of 
filing off the under side slightly as the standard pins 
show, I only file the two sides slightly into a 
wedge-shaped face. By doing this I obtain a more 
complete blow with the full face of the pin instead 
of just the top segment as on the standard. 

Misfires which occur in automatic pistols are at 
times due to the firing spring being too stiff. Many 
automatics are constructed in such a manner that 
the hammer does not have the firing pin give a 
direct and continuous blow, but are operated on 
the principle of a rebound. The firing pin is 
shorter than the channel in which it operates and 
the sharp blow of the hammer gives it momentum 
enough to travel forward and strike the primer with 
sufficient “percussion” to explode it; upon which 
the firing pin comes back and lies against the face 
of the hammer—not against the primer—a wise 
precaution which eliminates the possibility of an 
accidental discharge of the next cartridge thrown 
into the chamber by the automatic functioning of 
the action. This spring, therefore, must only be 
heavy enough to return the firing pin back to its 
normal position. On the earlier Browning auto¬ 
matics this firing pin was made of bronze, but it 
was surprizing how well this soft metal held up 
under normal conditions. Therefore, when you 
first take apart a .45 automatic and happen to 
notice that its firing pin does not “reach through” 
like the conventional rifle or shotgun action, don't 
jump to the conclusion that it needs a new one. 

The target shooter may go to the extreme in 


skeletonizing the hammer of his pistol—in an 
effort to lighten it and speed up its lock time—and 
this will cause misfires. Best remedy is to plug 
those holes again, which is cheaper than a new 
hammer, or to try a stronger main spring, altho 
this last may change the pull of the gun and make 
it harder to cock. 

Checkering Metal Parts — Most of the present- 
day models of revolvers and automatic pistols come 
with various parts of the arm checkered or grooved 
with straight-line corrugations; triggers, back 
straps, safety grip, etc. This not only improves 
the appearance of the gun but is of decided as¬ 
sistance in obtaining a firm grip of the hand to the 
butt and the forefinger to the trigger. It is only 
of recent years that these great advantages have 
been universally recognized; the handguns of a 
decade ago came with plain straps and triggers. 
However, the owner of one of these arms can 
readily do this checkering with a few very simple 
tools. 

Steel parts may be checkered with a knife-edge 
needle file just as readily as one can checker wood 
with a checkering tool, except that greater care 
must be exercised to space the lines evenly, as we 
are unable to devise or use a satisfactory line spacer 
for work on metal. The eye is the only gauge used 
to space these lines evenly, but this is not as dif¬ 
ficult as it may soUnd, after you once become ac¬ 
customed to the use of the file. The general rule 
is to file in one line first, making it straight and 
laying it out in the direction that will show up the 
checkering best; at the same time make it very 
distinct so that succeeding lines may be similarly 
laid out and properly spaced. It is not necessary to 
polish the surface of the metal, as the clear silvery 
lines of the steel show up very clearly on the blued 
background. 

Having all the lines correctly spaced in one di¬ 
rection, cut the cross lines in the same manner. 
After all the lines have been cut in with the knife- 
edged file, go over them with a three-square needle 
file several times and deepen the lines until the 
diamonds are well pointed. At this operation va¬ 
rious little changes can be made with the three- 
square file to straighten the lines which are a little 
uneven and not parallel to the preceding line. The 
slight variations in spacing are more readity cor¬ 
rected in steel than wood, as these lines are only 
laid out and filed in to a given depth with the 
knife-edge file, and then the three-square file is 
used. This three-square file is easily controlled by 
bearing harder against one side or the other, and 
considerable change can be made in a line, as the 
first cut was made with a file that was very narrow 
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on the edge, whereas we arc now working with a 
file having an angle of 30 degrees to a side. 

If the amateur will practise a bit on a round 
piece of steel he will soon be able to produce file 
checkering almost as accurate as that done on 
wood. It is a hand operation throughout, and 
there is no tool available which will work better 
lor the amateur than a file on the odd-shaped metal 
parts. The ability to do good file checkering will 
become a valuable asset to any amateur, as there is 
much of this work which can be done to advantage 
on most firearms. 

As a rule, the curved portion of the trigger is 
about the most difficult part to checker with a file; 
it is not impossible, but it does require considerable 
patience to space the lines evenly over the doubly 
curved surface. Some triggers arc hardened, and 
before these can be cut with the file it is necessary 
to anneal this curved part or ‘‘finger piece.” A 
piece of wet cloth or waste is wrapped about the 
upper section of the trigger and the curve only is 
exposed to the flame of a Bunsen burner or alcohol 
lamp, heating the part enough to draw the temper 
until the file will cut it freely. Start your first cut 
near the upper part of the “finger piece,” running 
the line down at a 45-degree angle, and continue to 
form these lines down to the trigger lip, holding 
parallel to the. angle which the first line formed. 
All this is done with the knife-edge file and when 
you have reached the end, go back and commence 
the cross-lines. Cross-check at a satisfactory angle 
down to the first series and continue out to the tip. 
As you space the lines you will find it rather dif¬ 
ficult to follow the curve and end the lines evenly 
to the edge of the trigger, but with a little practise 
this will come out all right, particularly after the 
first few lines have been made. Finishing the dia¬ 
monds is done with the three-square needle file, 
and it is not necessary to carry this finishing too 
far. The checkering on a trigger need not be as 
fine nor as sharply pointed as the other surfaces, 
as one’s finger will take hold quite readily. Ac¬ 
tually, the shallow checkering looks much the better 
on this curved surface and it is not necessary to 
have the edges too sharp. Should an annoying 
sharpness or a wire edge remain when the job is 
completed, hold the checkering against a circular 
wire wheel on the grinding head, and this well 
remove the extreme sharpness. 

Some shooters prefer a matted surface in place of 
this checkering. This is done with a matting 
punch and is a much simpler operation than check¬ 
ering with a file. To many, this dull matted sur¬ 
face is much more attractive than the sharp 
diamonds. The operation of matting is explained 
in Chapter XXII. 


Those professional jobs of checkering which we 
often see on metal surfaces are done with a graver 
in the hands of some skilled engraver. A close in¬ 
spection of some of this work found on the finer 
shotguns will show it to be purely hand work, and 
in many instances it is a very fine design, the 
checkering sunk below the surface with a neat 
border around it. I have never been able to ac¬ 
complish what you would call perfect work with 
one of these gravers, and I cannot advise the be¬ 
ginner to attempt its use unless he wishes to go in 
for the very finest work and is prepared to sacrifice 
many long hours of patient labor in attempting to 
master its handling. Where it is possible to roughen 
the surface by matting, it will be much better for 
the beginner to follow this method and to finish 
out his work with a border of suitable design and 
execution. 

Refinishing — After completing the checkering 
or matting, or the repairs on some exposed part, it 
will be necessary to reblue some section or possibly 
the entire arm. The necessary instructions for this 
will be found in Chapter XVI, Volume II. Often 
one will obtain a nickel-plated revolver with all 
finish gone, but these can not be blued, as the 
bluing solution will never take effect once the metal 
has been nickel plated. Nickel penetrates the pores 
of steel so deeply that it resists all efforts to remove 
it completely by any polishing operation. The best 
policy will be to have the arm renickelcd or else 
chrome plated. My advice would be to have it 
black-nickeled if possible, as I consider this treat¬ 
ment better than any similar process; the color is 
very pleasing and the method gives a finish which 
is rust-preventive to a decided degree. 

Hammer Alterations — The many weird and 
conflicting stories told of how the bad men of the 
Old West “fanned” the hammers of their six-guns 
has resulted in the desire of many of the two-gun 
sheiks of this day and generation to try out this 
foolish and dangerous stunt. After they have doc¬ 
tored up their Peacemaker in accordance with 
some of the current suggestions it is a most dan¬ 
gerous weapon in the hands of the average citizen. 

I have discontinued making any hammer altera¬ 
tions of this nature, except where the user of the 
single-action Colt desires the hammer spur lowered 
a trifle in order to call his shots better. The last 
time I made the change above referred to, the cus¬ 
tomer not only shot himself through the side of 
the stomach, but the heavy .45 slug, after passing 
through him, lodged in the elbow of a friend stand¬ 
ing nearby, causing the latter to lose the use of that 
arm for life. It is not at all unusual for the owner 
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of one of these doctored-up “slip hammer” guns to 
discharge it accidentally as it leaves the holster. 

The Colt single-action Army model is the only 
revolver which will operate by tying hack or re¬ 
moving the trigger and then “fanning” the ham¬ 
mer. This is because the hand which operates the 
cylinder is connected to the hammer; on a double¬ 
action gun it is operated by the trigger, and when 
wc tic back this trigger we are unable to rotate the 
cylinder. Quite a few of the drawing-room cow¬ 
boys who recommend this method of shooting are 
unaware of the fact that a double-action gun can¬ 
not be “fanned.” 

However, many shooters do object to the high 
spur on the hammer of the single-action Colt. A 
definite and helpful change may be made by heat¬ 
ing and bending down this spur. To do this, first 
remove the hammer, drive out the drift pin which 
holds the firing pin in place, and then drive the 
firing pin out from the rear. Clamp the hammer 
very firmly between the copper jaws of the vise, 
exposing nothing but the spur above the jaws. 
With an acetylene or blow torch, heat this spur to 
a red heat, up to where it joins the body of the 
hammer. With a round piece of copper rod as a 
drift, gradually tap the spur down to the desired po¬ 
sition. When cool, the spur can be finished and then 
polished. After polishing, the spur is rechecked 
and the hammer should then be re-case-hardened as 
explained in Chapter XVI, Volume II. Be very 
careful to have the hammer properly and tightly 
clamped in the vise and only bend down the spur; 
if the body of the hammer is bent in the slightest 
the firing pin will no longer strike center, and it is 
a very difficult operation to try to bend the neck of 
the hammer hack again so the firing pin will center 
properly once it is out of place. When the hammer 
spur is altered in this manner the line of sight is 
not obstructed, except momentarily by the nose of 
the hammer in falling; and if desired, a consider¬ 
able amount of metal can be filed from the top 
of the hammer, which will eliminate even this 
objection. 

Loose Screws — When a single-action Colt 
comes in for repairs the owner often asks us to 
tighten up all screws which have worked loose from 
vibration and then fix them so they will not come 
loose again. The only positive manner in which 
this can be done is to drill and tap in smaller screw 
threads alongside the faulty screw heads, and place 
small anchoring screws in there. Use small fillister- 
headed screws and place them in the manner seen 
in some rifles and all automatic shotguns; then it 
will be impossible for the larger screws to turn 
loose. We cannot rust or tin in these loose screws, 


because it is only a question of time before the 
gun must again be taken apart to change some 
broken part. 

Changing Cylinders — Many owners of these 
Model 1917 Colt and Smith & Wesson war-time 
revolvers wish the cylinders replaced with ones 
taking the old .45 Colt cartridge. It seems to be 
a widespread idea that this change is easily made, 
but after the owners have purchased the new 
cylinder and tried to fit it they discover that the 
substitution is not as easy, or as cheaply made, as 
they were led to believe. 

There is quite a difference between the Colt New 
Service .45 and the Colt Model 1917 double-action 
revolvers. The Model 1917 was made on the New 
Service frame, but to the thickness of the head of 
the .45 automatic cartridge was added the thick¬ 
ness of the steel clips, making a much greater “rim” 
thickness than found on the old .45 Colt cartridge 
head. The cylinder and side plate were both 
changed in order to accommodate the Model 1911 
Automatic cartridge; on the New Service frame 
the swung-out cylinder is held in place by a raised 
surface. In the 1917 Model this raised surface was 
relocated in order to take care of the shorter 
cylinder; therefore in order to interchange cylin¬ 
ders it is also necessary to interchange side plates. 
Such work requires much fitting, involving both 
side plate and crane; and each crane is also fitted 
individually. 

On the Smith & Wesson Model 1917 they used 
their .44 caliber frame, and made up a new cylinder 
and barrel suitable for use with the clips. It is not 
remunerative to alter this arm, for by the time all 
the necessary new parts are ordered and the work 
is done, a new revolver could be purchased for less 
money. 

And in the end all this changing of cylinders is 
impractical for the reason that the Model 1911 
Automatic cartridge is equal in ballistics to the .45 
Colt cartridge when loaded with smokeless powder. 
If the owners of these Model 1917 revolvers do not 
like to use the Model 1911 rimless cartridges there 
are available special rimmed cases which eliminate 
the necessity of using the steel clips. 

Odd Alterations — I receive frequent calls to 
change many hand-guns for other than the standard 
cartridge originally intended to be used; alterations 
which no arms company will undertake or recom¬ 
mend. The nature of these alterations often calls 
for extensive experimental work, and special tools 
and reamers must be made to accomplish the under¬ 
taking. Alterations such as boring out the single¬ 
action Colt and other .45-caliber revolvers to use 
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shot cartridges; rechambering different arms to take 
the .22 Hornet cartridge, and bushing cylinders and 
relining barrels to adapt the .22-long rifle cartridge 
to the larger caliber arm. We cannot say that it is 
impossible to do such work, but there is really only 
one man in a thousand who is willing to pay a fair 
price for the work involved. If the shooter has 
available the proper equipment he can readily 
carry out such ideas for himself, but he must pos¬ 
sess an extensive mechanical knowledge and will 
find various machine tools required to work out the 
many new ideas which will continually be placed 
before him by others. I shall give here only a few 
ideas which can be carried out without going into 
too many details. 

Shot Revolvers —Many owners of .45 revolvers 
wish to have them changed to shoot shot shells and 
will load their own ammunition for such a pur¬ 
pose. The arm modified is the Colt single-action 
revolver bored smooth by reaming out the rifling 
in the barrel. The .45 is not the most suitable 
caliber to use, as it is necessary' to ream out this 
barrel a bit too large to give a satisfactory pattern. 
A .44 arm should be selected, and the cylinders 
reamed to take the .45 Colt cartridge. A barrel 
length of 7*/2 inches will give the best results after 
being reamed to 0.450 inch and the muzzle given 
a slight choke of at least the length of the shot 
column when in the case. By reaming out the 
rifling from a .44 barrel the increase in size is just 
about right for the choke necessary when the main 
bore is reamed out to 0.450 or 0.452 inch. 

To do this reaming operation properly, three 
reamers should be made; one roughing reamer, 
made with spiral flutes, to remove the rifling from 
the barrel; one finishing reamer, which can be made 
with straight flutes—this also has the reduction on 
the end to give the required choke at the muzzle; 
and one chambering reamer for the cylinder, made 
straight with the required cone on its end to ream 
ahead of the chamber. There must be a certain 
reduction in the front end (or “leed”) of the 
cylinder chambers in order that the shot charge 
may be carried properly into the barrel. The 
diameter of the .45 Colt case is 0.471 inch, and 
0.002 inch must be allowed for free and easy ex¬ 
traction of the fired case, with an additional 0.002 
inch taper to the rear, which makes this rear por¬ 
tion of each chamber 0.004 inch larger than the 
mouth of the unfired shell. In Volume II you will 
find correct methods described for making all these 
types of reamers, and when they are made as 
described, a very fine job of reaming can be done 
with them. 

The necessary reaming operations are done in a 
lathe, and in order to obtain the best results the 


reamers arc pulled through the barrel from the 
breech end. Use a good grade of lard oil as a 
lubricant, and keep the roughing reamer well 
lubricated so that the bore will not have torn places 
and rings so deep the finishing reamer will not re¬ 
move them. After the roughing reamer is used, the 
finishing reamer follows, being pulled through in 
the same manner. Have this marked so that it will 
not run in too deep and spoil the choke; the desired 
choke can be given after this mark is reached. Run 
the lathe at a moderate rate of speed for all the 
reaming operations on the bore and choke; that 
is, run the lathe with the back gears in and have 
the barrel chucked perfectly true. 

The reaming of the cylinder should also be done 
in the lathe, but this can also be done by hand if 
considerable care is exercised. The barrel-finishing 
reamer is first passed through each chamber in 
order to have the chamber “leed” the exact size 
of the bore. Then the chambering reamer is used 
with the ejector web in place in the cylinder. An 
accurate stop should be made and set so that the 
depth of each chamber will be the same. Plenty 
of lard oil should be used to lubricate. 

After the reaming operations arc completed, the 
lapping of the bore and of each chamber in the 
cylinder is in order. This operation is thoroughly 
explained in Chapter XXV, Volume II. Shot is 
easily affected at the choke in a short-barreled gun 
and it is necessary that the muzzles of these pistol 
barrels be finished off straight and square instead 
of having the crown seen on all revolver barrels. 
It is best to trim this off square in the lathe while 
you have it out of the frame instead of trying to 
do it by hand with a file and with the guidance of 
your eye. The lathe operation will assure its being 
square and true. 

The breech end of the bore must be chamfered 
or given a slight taper so that the shot charge will 
enter the barrel evenly, even tho the cylinder should 
be out of line the least bit. If you do not have a 
tapered reamer for this operation, chuck the barrel 
perfectly true and turn out the chamfer with a 
small boring tool, by means of the compound rest 
set over at an agle. The greatest length of this 
chamfer should not be more than one-fourth inch 
and it need only be 0.010 inch larger than the bore 
at the part in front of the chamber. While the 
barrel is still in the chuck, polish this taper with 
fine emery and crocus cloth. Having all this com¬ 
pleted, go over the. action and place it in perfect 
condition, screw the barrel back into the frame, 
and we are ready to proof-fire the gun. 

In the proof-firing, it is not necessary to set the 
barrel in the frame very tight; catch it between 
the felt jaws of the vise and set it up tight against 
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the shoulder with the pressure of your hands. The 
sight may be a little off to one side, but the main 
object now is to see if the patterns obtained by the 
choke are sufficient. 

Pattern the revolver at 10, 15 and 25 yards for a 
series of exact results. If the patterns obtained are 
too small it will be necessary to lap the muzzle 
choke a little larger; but if the patterns are too 
large a special lap must be made of an oval form, 
constructed so that it is expandable, which makes 
it possible to enlarge the inside of our choke with¬ 
out touching cither front or rear. The chapter in 
Volume II on “Shotgun Repairs” describes the 
proper method. 

It may require from three to six trials and alter¬ 
ations before a pattern is obtained that will meet 
your expectations. At the same time experiment 
with various loads of powder and sizes of shot until 
the best possible combination is reached. After 
you are satisfied with the pattern, set the barrel 
properly and tightly in the frame and bring the 
impact of the pattern where you wish it to shoot 
on the paper target; this is obtained by the adjust¬ 
ment of sights as previously described. 

I once made a pair of these .45 shot revolvers 
for two young men who toured the different States 
and gave exhibitions of their shooting skill on glass 
balls thrown into the air. They realized well above 
their expenses out of the trip and led the audience 
to believe they were using the regular ball ammuni¬ 
tion for all this aerial work. The account of some 
of their experiences was rather humorous, especially 
when some fraternal brother’s curiosity would get 
the best of him and he would insist that the boys 
shoot one of his pet handguns. Certain sections 
of the country were easy to work with this racket, 
but some parts were not so good. 

Relining Revolvers — To reline the large-cali¬ 
ber revolvers and chamber them to take the .22- 
long rifle ammunition or to use the .22 Hornet, 
.25/20 and similar cartridges, requires not only the 
relining of the barrel but the bushing and chamber¬ 
ing of each chamber in the cylinder as well. The 
relining of the barrel is not much of an operation 
provided you have the necessary tools and equip¬ 
ment to do the job, but the sweating of the bush¬ 
ings into the cylinder calls for a considerable 
amount of skilled work. Not only that, but you 
are also obliged to make and fit a new ejector and 
a cylinder ratchet. When the change is made to 
adopt a rim-fire case like the .22-long rifle, the 
firing pin will also probably have to be changed, 
and this alone requires some close engineering. 
These changes are not impossible, but in a great 
many instances they are just not practical. With 


the splendid selection of large-framed .22 rim-fire 
revolvers and automatic pistols now available there 
is little need for any shooter to transform any hand¬ 
gun to take this excellent cartridge. 

Single-Shot Pistols — Very often it is possible 
to pick up some of the famous old single-shot pis¬ 
tols of a generation ago that were made by the 
J. Stevens Arms and Tool Company; the Lord, 
Conlin or Gould models or the little Diamond 
model. Invariably they will be rusted out in the 
bore, possibly the action is a bit shaky and the 
sights missing. 

About the only thing we can do with these 
arms today is to reline the barrel to its orig¬ 
inal caliber and place the sights back in proper 
condition. These arms were made in a day when 
the velocity of the long rifle cartridge was about 
900 feet and it was loaded with black powder. I 
would not advise using many of the present Hi- 
Speed .22 cartridges in such an action. Then the 
round and thin grip on these pistols is a hard one 
to alter or to build up properly according to our 
present-day tastes. Better place the old relic in 
first-class condition and keep it in the collection as 
a memento of the wonderful scores which it made 
in its day. 

The little Diamond model is an exception as re¬ 
gards fitting with a suitable and proper grip; it is 
easy to fit this with an entirely practical “man- 
sized” grip, and one then has a most accurate and 
handy light-weight pocket pistol in .22 caliber, 
provided the ammunition used is not too powerful 
for the arm. 

The average gunsmith receives very little single¬ 
shot pistol work, today, other than the usual slight 
changes in sights, trigger pull or relining. How¬ 
ever, once in a while some one shows up who wants 
a pistol rcchambered and bored to take a different 
and far more powerful cartridge—say the .22 Hor¬ 
net, or the .25/20. The old Remington single-shot 
navy pistol of .50 caliber is about the best basis 
for this sort of work. Figure 130 illustrates one 
made into a Hornet. Here is one of the safest 
actions known, and an easy one to work on. All 
attempts to produce a discharge from this arm 
when the action is not properly closed will fail. 
Their unusual strength and weight make these guns 
desirable for heavy charges and experimental car¬ 
tridges; as a matter of fact, they will stand a much 
heavier charge or cartridge than may be fired from 
one hand with comfort. So, when the customer 
shows up who is insistent on some peculiar conver¬ 
sion job to be attempted on a modern revolver, talk 
him out of the idea or at least have him try it out 
first on one of these old .50 caliber pistols. 
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Fig. 130 

Caliber .22 Hornet made on a Remington caliber .50 pistol action. Remarkable accuracy resulted 

from this combination 


Trigger Stop Screw — Here is a minor altera¬ 
tion which may be made in revolvers and prove a 
great help to target shots. When a double-action 
gun is used in the conventional single-action man¬ 
ner and the hammer cocked for each shot it will 
be found that when the trigger “breaks” from the 
hammer notch, there is a slight back action suffi¬ 
cient to throw out the aim perceptibly. This back 
action of the trigger may be prevented by placing 
a small stop screw through the trigger guard from 
the rear, and adjusting it so that when the hammer 
falls, the trigger is at the limit of its travel to the 
rear. When fitting this screw, the threaded hole 
should be slightly tapered so the screw will fit very 
tightly. Use a 3 x 56 headless screw, and have it 
just long enough so that when properly adjusted 
it will come flush with the rear of the guard; then 
it will never interfere with or skin the knuckles. 
Figure 126 shows the idea properly. 

General Hints — After you have cleaned or re¬ 
paired a handgun, be careful how you lubricate 
the working parts. Use only No. 1 sperm oil for 
this purpose, and if you have used any other oil 
or solvent designed for cleaning the bore and cham¬ 
bers, see that it is carefully wiped off the mechan¬ 
ism. Too much lubricating oil is dangerous in the 


mechanism of a revolver or automatic pistol; it 
may gum up—or in cold weather will freeze—and 
render it impossible In fire the arm without first 
“working off ’ the stiffness by snapping the action 
a few times. 

Keep the hammer free of rust under the spur, 
and also keep rust from around and on the nose 
of the firing pin. Keep oil on these parts. 

In dismounting the crane and cylinder from the 
frame, slack but do not turn out crane-lock screw, 
for it is possible that the crane lock will be Iost- 
together with the screw. Do not try to unscrew 
the ejector or ratchet off the ejector rod in order 
to clean them. If any rust has collected between 
the rod and its spring, wash well with some light 
powder solvent, allow' to stand for about 30 min¬ 
utes, and then oil with light sperm oil. 

Do not try to dismount an automatic pistol with 
a hammer and set of drift punches, for all parts of 
these arms can easily be dismounted (generally 
by hand) if instructions are followed. 

If the double-action pull of a revolver is heavy, 
examine the end of the crane, strut, ratchet, etc., 
for burrs raised by a hard trigger or other causes. 
Tf burrs are found, remove them with a needle file. 
On a Smith & Wesson revolver it is possible to 
overcome a heavy double pull by reducing the re- 
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bound spring. To test the free working of trigger, 
hand and rebound lever, puli off at double pull, 
then let the trigger move forward slowly and pull 
back again before heel of the trigger engages 
hammer strut. If a rub is felt, remove plate and 
examine parts mentioned. 

To test free working of hammer and strength of 
main spring, hold trigger back and work hammer 
with the thumb. 

Keep rebound levers clean and free of rust, espe¬ 
cially where end of rebound springs bear. 

Always keep the strain screw tightened on a re¬ 
volver. This strain screw is set to bear upon the 
main spring. If you wish to practise by snapping 
the arm—“dry shooting” they now term it—you 
can relieve this screw just so the hammer has a 
good, sharp fall, but not as hard as when the strain 
screw is properly set. One turn back will usually 
lighten it sufficiently for “dry” target practise. 

Inspection of Handguns — Every so often, 
these days, I am approached by some friend or ac¬ 
quaintance with a hearty handclasp and the ques¬ 
tion: “Chap wants to sell me this six-shooter, is it 
all right?” The subject handed over for inspection 
and comment may range from an old Army model 
Colt single-action offered at five bucks, to a recent 
.45 Automatic with the prospective purchaser con¬ 
siderably excited over the “United States Property” 
stamping on its side. 

As the shooter of any technical standing what¬ 
ever has had this same experience happen to him, 
1 am outlining herewith a rather extensive process 
of inspection which will readily indicate the exact 
condition of most handguns which may be presented 
for such opinion and decision. 

This program is offered with the qualifying 
statement that it will undoubtedly prove a waste 
of time to employ the procedure when purchasing 
a new handgun of any of the leading American 
makes; in fact, the quickest method I know of by 
which the correct tolerances such as I have outlined 
can clearly be gotten to mind, will be to examine 
a new Colt “Shooting Master” or a Smith & Wesson 
“K-22.” The tests I enumerate should prove of 
most value in instances where a supply of obsolete 
models is available, and careful selection from the 
lot is possible. 

How to Select a Good Revolver—First, 
clean out the bore and chambers, and examine their 
condition in a good light. The bore should be 
bright throughout its entire length, with no pit 
marks, and the edges of the lands should be clear 
and sharp. There should be no dents in the muzzle 
nor should the latter be “belled” through improper 


use of a cleaning rod. Each chamber of the cylin¬ 
der should be clean and free of rust spots and pit- 
tings, and there should be no visible scratches which 
might cause faulty extraction. In the case of a .22, 
look closely and see that the “leed” has not been 
eroded unduly through the excessive use of .22 
shorts. 

Cock the hammer and hold the gun up sideways 
to the light while you examine the clearance be¬ 
tween face of cylinder and rear end of barrel. 
There should be a minimum of light showing, and 
this clearance should remain the same with each 
chamber as the cylinder is revolved. The end of 
the barrel should be square and true from both 
sides. There should he no appreciable play back 
and forth when the cylinder is worked lengthways 
with the fingers. 

Cock the hammer and examine the sideways play 
when cylinder is locked in position for firing. This 
is a most important point with any accurate-shoot¬ 
ing revolver, and the play here should be very 
slight. Also, it should be the same with each cham¬ 
ber; cock and try by hand every chamber in the 
cylinder with hammer cocked , as there may be 
appreciable play when the hammer is down and yet 
none when it is raised. 

Swing out the cylinder and test for rigidity; 
neither cylinder nor crane should show loose play. 
Slide ejector rod back and forth to test its fit and 
working qualities; it should slide back freely and 
be returned to place readily by its spring. Examine 
closely the ratchet on end of ejector rod; this should 
have clean, sharp edges and not be worn or burred 
to any extent. The cylinder stop in bottom of 
frame should still have clean, sharp edges and be 
of full width (not worn wedge-shaped); it should 
also work freely and positively; depress it with the 
forefinger a few limes and see that its spring still 
has “life.” 

With the cylinder swung out, snap the hammer, 
and by holding the trigger down, test firing pin for 
protrusion; it should project sufficiently to explode 
the primer. Notice for wear or corroding away of 
the firing-pin hole; this should not be enlarged to 
any extent. Notice pawl or dog which rotates cyl¬ 
inder; this should have no loose play and should 
not be worn away too much on upper end, but 
should rotate each chamber completely to its locked 
position. If chambered for the .22 rim-fire car¬ 
tridge, examine outer rim of cylinder under where 
firing pin or hammer nose rests; this should not 
be burred or dented to any extent. 

Cock hammer and notice condition of loose ham¬ 
mer nose; this should he clean, not corroded away 
any, and must have considerable play. The cavity 
into which it fits should nut be rusted or eaten 
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away with primer corrosion. In the case of a re¬ 
volver having separate firing pin, the latter should 
work freely and be of sufficient length to function 
properly; the rear end of this firing pin should 
not be burred over, and the spring should not be 
rusted or stuck. 

Snap the hammer a few times and notice its 
action; percussion should be good and the trigger 
should snap back smoothly and quickly to its for¬ 
ward position. Test the double-action pull; this 
should work smoothly and the hammer should 
“break” cleanly from the notch when it falls. When 
at full cock, the hammer should notch at the rear 
uf its travel; there should be but slight additional 
rearward play. 

The side plate should not be “sprung” away 
from the frame at any point, but should fit flush 
all around. The screws which fasten it should not 
have burred heads or torn slots; if there are in¬ 
dications of such it may mean possible repairs in 
the past, or at least the dismounting of the arm 
by an unqualified person. 

Grips should fit to the butt with no loose play. 
Checkering is best with clean and sharp diamonds 
which have not been worn smooth. Sights should 
not be bent or dented, and in the case of target 
guns, should have no lost motion. 

In the case of an obsolete Army side arm, or a 
gun bought from any large stock of standardized 
weapons, such as discarded police models, check up 
on the serial numbers found on the butt, frame, 
cylinder and barrel, and make certain these are all 
the same. The gun may be an “assembled'* job, 
made by fitting together a lot of spare parts with 
new barrels or such, and if so, you don’t want it. 
The color of bluing of all main parts should be 
of the same shade or show an equal amount of 
wear. If there are no serial numbers showing, or 
it there are indications of these having been altered 
or ground off, turn the gun down. 

If, in your search for truth, you find the words 
“SPAIN” tucked up under the trigger guard, or 
“Made in Spain” in small type, or the wording “for 
SMITH & WESSON ctg.” with only the Smith 
& Wesson part readable, don't accept that gun as 
a gift—the donor has it in for you. 

“The proof of the pudding is in the eating 
thereof”; so if it is at all possible, take the gun out 
and shoot it with a few rounds of service charges 
before you lay down your money. 

Suggested Test of Automatics — First clean 
out the bore and examine it in a good light. The 
bore should be bright throughout its entire length, 
with no pitting marks, and the edges of the lands 
should be clear and sharp. Tf the edges are worn 


or rounded over, especially near the breech, it in¬ 
dicates considerable wear. 

The following remarks apply more particularly 
to the government model .45 automatic: 

Test the slide for fit on receiver: There is a cer¬ 
tain amount of play in all .45 automatics, but the 
play or shake of the slide on the receiver should not 
be excessive. 

Test the safety lock: Cock the hammer, then 
move the safety lock upward into the “safe” posi¬ 
tion. Grasp the gun as usual, so that the grip safety 
is depressed, and squeeze the trigger forcibly three 
or four times. If the hammer falls the safety lock 
is worn. 

'Pest of grip safety: Cock the hammer and, 
being careful not to depress the grip safety, squeeze 
the trigger three or four times. If the hammer falls 
the grip safety is worn or defective. 

Test of the half-cock notch: Draw back the 
hammer until the sear engages in the half-cock 
notch and then squeeze the trigger. If the hammer 
falls there is a defect in the hammer or sear and one 
or the other will have to be replaced. Draw the 
hammer back nearly to full-cock and then let it 
slip out from under the thumb. It should fall into 
half-cock. 

Test of sear engagement: Grasp the stock of the 
gun with the right hand, and, squeezing the trigger 
and grip safety and keeping them squeezed during 
the test, with the left hand draw back the slide to 
its full rearward position and let it snap forward. 
The hammer should remain cocked. In guns in 
which the sear or sear notch in the hammer are 
worn or in which the trigger pull is too light for 
safety, it frequently happens that on repeating this 
test several times the hammer will follow the slide 
down. If they are in good condition and the trig¬ 
ger pull is proper for safety, the hammer will not 
follow down. 

Test of disconnector: Shove the slide a quarter 
of an inch to the rear. Hold the slide in that posi¬ 
tion and squeeze the trigger and grip safety. Let 
the slide go forward, maintaining the pressure on 
the trigger and grip safety. If the hammer falls 
the disconnector is not working properly and must 
be replaced. Pull the slide all the way to the rear 
and engage the slide stop, squeeze the trigger and 
at the same time release the slide. The hammer 
should not fall. Release the pressure on the trigger 
and then squeeze it. 'The hammer should then fall. 
The disconnector prevents the release of the ham¬ 
mer unless the slide and barrel are in the forward 
position safety interlocked. It also prevents more 
than one shot following each squeeze of the trigger. 

Disassemble the pistol and examine the following 
points for signs of wear: 
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The lugs on the bottom of the barrel. In old 
pistols which have been used a great deal these 
lugs show battering on the back. In the receiver, 
at the point where these lugs strike, an old gun 
will also show a print of the lugs compressed into 
the metal. Excessive wear at this point should 
serve as a warning against the purchase of the gun. 

Examine the slide-stop notch on the slide. If 
it is badly worn and battered, reject the gun. 

Examine the slide both inside and outside just 


about where the front end of the receiver comes 
when the gun is assembled, and look for cracks 
at this point. In many old automatic pistols the 
slide cracks here and these cracks gradually become 
worse with use. 

Examine the magazine carefully for shape and 
condition of the lips at the top. Magazines fail 
ordinarily by having these lips bent out of shape 
and also by the occurrence of cracks at the corners 
of the magazine at the back near the top. 






CHAPTER XXI 


Problems of the Trigger Pull 


O NE of the most mysterious parts of a firearm 
is the trigger mechanism, especially when 
the student begins any alteration to secure a better 
pull, bo much has been written on this subject 
that probably every one owning a firearm has 
made some kind of attempt to improve the take-off 
and allow a more free and easy pull on the trigger. 
Some have been successful in their first attempt 
while others have ruined this part entirely, necessi¬ 
tating a replacement which is rather costly in some 
instances. Most firearms which come from the 
factory or even the government armory have trig¬ 
ger pulls which range between 4 and 12 pounds. 
The trigger pulls on fine shotguns are usually ad¬ 
justed down to about 4 pounds, while on the 
cheaper class of the same arms the trigger pulls 
vary from 4 to 14 pounds. Every firearm should 
have a safety factor at its most fallible point—the 
trigger mechanism. 

A large percentage of the public who purchase 
firearms do not take into consideration the danger 
connected with their use, and in order to place 
the so-called “breaks” in a convenient location to 
make them think, the hard trigger pull is the stand¬ 
ard, and is the controlling factor on a firearm 
which provides time for a thought to register. An¬ 
other advantage of the hard trigger pull is the fact 
that the arm cannot easily be discharged by acci¬ 
dent. Accidents happen to the experienced as 
well as to the inexperienced person, and a fire¬ 
arm will discharge itself by a sudden jar if the 
pull is too light. 

The hammer or cocking piece should be well 
supported by the full width of the sear, and the 
leverage of the trigger increased to a degree where 
the finger requires some force to pull the sear from 
the notch. To solve the problem of creep or take- 
up, reduce the finger pressure within the reason¬ 
able limits of between 3 and 4 pounds, and at the 
same time remove any perceptible creep. 

Triggers are divided into five classes from the 
standpoint of mechanical arrangements and their 
action under finger control from the trigger. These 
are: the plain trigger, bolt-action trigger, set trig¬ 
gers, the shotgun single trigger, and the trigger 
mechanisms on automatic pistols. 


Plain Trigger — To classify plain triggers in the 
proper manner would necessitate going into the 
history of firearms and following the development 
in the arrangements of the sears to the tumblers, 
and then the trigger in direct contact with a notch 
in the hammer The last is before us today in the 
independent or loose form in shotguns, and the 
sears are engaging factors which should be altered 
by stoning at the engaging points, the tumbler 
notch and end of sear. 

Before advancing to the actual work of reducing 
trigger pulls, the student should be familiar with 
the mechanical features not only of the plain trig¬ 
ger, but of the other triggers which come under the 
same heading. Study the different types of levers, 
as these may be of interest when you want to know 
what points to start and stop at, in order to re¬ 
duce or increase a trigger pull to suit a particular 
condition. We may also refer to mechanical dia¬ 
grams to prove the composition and resolution of 
forces, but as we are not constructing a new fire¬ 
arm these will not be essential, so we will get down 
to facts in the actual work and show the direct 
working cause. 

In all plain-trigger mechanisms, there are either 
two or three essential working parts to consider: 
the hammer (or tumbler), and trigger or tumbler, 
the sear and trigger. These arrangements are in 
shotguns, single-shot rifles, revolvers, pump-action 
arms, etc. On some single-shot rifles and auto¬ 
matics as well as rifles and shotguns there is an in¬ 
termediate sear. These hammers also have the 
half-cock and full-cock notches. In such cases 
the sear is really a part of the trigger itself, except 
that it is arranged in such a manner as to give 
greater leverage and thus increase the safety factor 
between the two. 

To decrease a trigger pull and eliminate the 
drag or creep requires much patience, but the only 
appliances required are an oilstone and the neces¬ 
sary tools to disassemble the arm. The oilstones 
required are %-inch, three-cornered, fine knife- 
edge, and Arkansas stones in the same forms. The 
oilstones come in various sizes and are listed in the 
diameter of which they take form. A %-inch 
stone simply means one that measures one-fourth 
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inch across. Length is usually set at a standard; 
therefore any one wishing a selection of stones 
should consult Chapter I, or a specially prepared 
display board shown in any up-to-date hardware 
store. In addition, there should be included a 
jeweler’s eyeglass of low or medium power to in¬ 
spect the surface that is being worked on, in order 
to detect any unevenness or rocking motion of the 
stones. 

When working on a trigger pull, the first oper¬ 
ation is to polish all parts. If you do not have 
polishing heads or motors, finish the flat surfaces 
(do not touch the contact points) with fine emery 
and crocus cloth; then stone the contact points 
to reduce the pull. In all stoning operations, a 
trigger tester is a handy part of the equipment; 
this is a small round spring scale which records 
weights by quarter pounds up to twenty-five 
pounds. 

To obtain the required pull on a plain hammer 
gun, note carefully the shape of the sear and the 
flat surface where it engages into the notch. Some 
have a sharp point. Then study the notch in the 
hammer in its relation to the end of the sear. Most 
rifles come from the factory with the sear engaging 
heavily and this is the cause of nearly all heavy 
trigger pulls. They are made so for safety. When 
the trigger is given any tension it must travel out 
of the notch. “Cam” the hammer back some dis¬ 
tance before it is clear; this is operating against 
the force of the main spring in its full compres¬ 
sion. By stoning the notch and end of trigger par¬ 
allel to each other, and at right angles to both the 
hammer and trigger center, the reduction in the pull 
is very appreciable. Therefore, in squeezing the 
trigger you have eliminated the cam effect upon 
the hammer. 

The beginner often makes the mistake of stoning 
the hammer notch in a manner that allows the 
trigger to disengage at the slightest pressure, for 
the spring tension allows the hammer to ride free 
over the trigger. Naturally this is a dangerous 
condition, for a slight jar would cause the acci¬ 
dental discharge of such an arm. A very simple 
lest for this is made by placing the thumb on 
the hammer and applying pressure; the result is 
that the hammer falls as tho the trigger were 
pulled. 

To secure the most satisfactory pull, start with 
a three-cornered fine oilstone stone the notch of 
the hammer at a right angle or near to a right 
angle, then stone a slight radius on the trigger. 
Too much care cannot be used in performing this 
operation to avoid placing a rounded contact point 
in the center of the trigger as well as of the ham¬ 
mer. An inspection should be made to see that too 


great an amount of travel is not left upon the 
hammer notch, for this produces creep. When 
this has been accomplished and your judgment 
pronounces it as perfect as possible, polish the con¬ 
tact surfaces with an Arkansas stone to the degree 
of luster. Assemble them and test for the pull. 
It may not be correct, but you will discover a 
marked improvement with the efforts made on the 
first attempt. I would not advise any lighter pull 
than four pounds, except on a target revolver or 
rifle in this class. The reason I have cautioned 
you to use so much care in stoning trigger and 
hammer notches is because of the timing of the 
trigger and hammer. These have been made a 
certain length, and if too much metal is removed 
from the end of the trigger, it may throw some 
other part out of time. Generally very little ston¬ 
ing will accomplish the desired results. 

In stoning the notch on the hammer, the three- 
cornered stone should always have a sharp edge, 
for if it is not kept sharp, it will round the inside 
of the notch. A certain amount is permissible, but 
too much is decidedly a detriment. The use of a 
file is not advisable in reducing trigger pulls, for 
in the hands of the inexperienced it removes too 
much metal. In a number of cheap arms the 
parts are soft and the use of a file, at times, is 
an advantage; however, a good oilstone may 
always be relied upon to produce the best results. 
Many hammers and triggers, particularly in the 
cheaper arms, have but a tough outer hardened 
surface, and when the slightest amount of stoning 
is applied to these, the parts become very soft 
at the contact points. Such parts should be case- 
hardened after they are reduced and then polished 
with the Arkansas stone before assembling. 

To test a hammer and trigger for true parallel 
surfaces against each other, square the trigger con¬ 
tact surface. This may be done in two ways: 
first, with a small knife-edge square held against 
the side of the trigger with the blade over the 
contact point, secured by clamping the trigger 
against a square block of steel. Only allow the 
contact point to project slightly at the desired 
angle, and with a fine oilstone lying flat on the top 
of the block, continue to stone and raise the trigger 
until a true parallel surface is produced. With 
the oilstone, carry out a true radius by stoning 
lengthwise, meeting at a square top. A trigger 
stoned in such a manner is certain to be perfectly 
square, and this is the only reliable method to 
use when working to precision limits. 

Having established a perfectly square contact 
surface on the trigger, the hammer must be done 
similarly, but in a different manner. Before as¬ 
sembling the parts, coat the surface of the notch 
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with the coppering solution given in Chapter XVI, 
Volume II. This may be applied with a tooth¬ 
pick. When all parts are assembled, apply pressure 
to the hammer by pressing it forward with the 
thumb, and at the same time disengage the trigger 
from the notch with the index finger. This treat¬ 
ment will show the high point which must be 
worked down with the fine oilstone until the con¬ 
tact surfaces are perfect when in contact with 
each other. A number of trials will sometimes be 
necessary to secure this perfect condition. When 
stoning a hammer in this manner, clamp it securely 
in the vise between lead jaws, for if such parts are 
held in the fingers, very unsatisfactory work is 
the result. 

If a notch is made unusually deep—and this is 
often encountered on some hammers—rather than 
reduce the hammer or hammer radius, a small pin 
can be set in. A No. 54 drill is used first; the 
hole is enlarged with a No. 52 drill, and a piece of 
Viij-inch drill rod is driven into the hole. File 
off the pin a little at a time until the trigger is 
permitted to engage the hammer notch at the cor¬ 
rect depth, giving a clean pull without the least 
indication of any creep, and at the same time 
being deep enough so that the hammer cannot be 
jarred off in any way. Another method which can 
be used to overcome the same condition when a 
drill press is not available is to tin this part and 
place a drop of solder in the notch. File it off 
until you can secure the same crisp pull as de¬ 
scribed by placing in a piece of drill rod. 

Revolvers — I shall only refer to target arms 
under this heading and disregard the cheaper arms 
altogether. The rules of the United States Revol¬ 
ver Association allow a minimum trigger pull of 
2 1 /o pounds for revolvers in the “Army Revolver*’ 
Match. For single-shot pistols the minimum pull 
is 2 pounds. For military revolvers and pistols 
or pocket revolvers, such as service arms in the 
police departments, the minimum pull allowed is 
4 pounds. There is also a special match based 
upon the international rules, with no limit on the 
trigger pull. Since all trigger pulls are tested be¬ 
fore the matches by means of a trigger tester regis¬ 
tering the pull, each individual should be very par¬ 
ticular in correcting his arm to meet the pre¬ 
scribed rules. 

When a user of a target revolver attempts to 
doctor up his pull, it usually results in returning 
the weapon to the factory; or if it happens in my 
bailiwick, the sad report of a new trigger and ham¬ 
mer reaches me. For the beginner this is a job 
requiring considerable forethought, and too much 
Care or patience can not be exercised. The 


character of the pull is really most important. We 
express this in words to the effect of “its smooth¬ 
ness,*’ which is better than the pounds in weight. 
When stoning a trigger and the hammer notch, 
strive for smoothness first; eliminate the creep 
and grating condition with your first attempt, be¬ 
fore any actual work is started on a trigger or 
hammer. 

By removing the side plates on either a Colt or 
Smith & Wesson revolver, the student can study 
the mechanism of these arms. On a Smith & Wes¬ 
son revolver, by removing part of the tension on 
the strain screw, it may be placed in the cocked 
position. Release the trigger gradually and note 
the disengaging feature of the trigger out of the 
hammer notch. The character of the pull depends 
upon the rubbing surfaces, and the distance the 
trigger must travel to disengage from the notch. 
There should be practically no tension on the 
spring during this examination. Now, gradually 
tighten up on the strain screw, and note the dif¬ 
ference. \ 

When making this examination and study, it 
will be well to use a reading glass of rather high 
power, fastened upon a stand in such a position 
that the working parts will be greatly magnified 
and enable you to judge what is lo be done much 
better than you could with the naked eye. One 
particular point which will arrest your attention 
is the nose on the trigger, and this calls for a word 
of explanation. When there are only two engaging 
parts, the trigger and hammer, the former is really 
(he sear. In such a case it is rather confusing, 
for in many arms the sear is a separate unit from 
the trigger. Therefore, to simplify the explana¬ 
tion, it will be best to use the term “trigger” when 
this is the engaging unit, and “sear” when it is a 
separate unit as in a shotgun. 

The beginner may be assured that he will expe¬ 
rience very little difficulty, for with study and 
practise he can learn to stone these parts success¬ 
fully. Having the fine oilstone necessary for ston¬ 
ing other triggers, place a very small radius on the 
engaging part of the trigger (you have probably 
noticed that this was rather a flat surface), then 
polish it with the Arkansas stone. Very little can 
be removed from these points because the tolerance 
is very small; this is also the reason for Using the 
finest of stones. The hammer notch is next. A 
watchmaker’s magnifying glass is rather an essen¬ 
tial addition to such operations, so that the tool 
marks, etc., may be seen, and also to show the 
results of the stoning done upon this surface. 
When stoning these ends and notches, the parts 
should be held in a small vise in a convenient posi¬ 
tion so that you can see every little movement of 
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your stone and at the same time have the freedom 
of your arms and hands so that you can detect 
any rocking motion of the stones. 

Assuming that you have finished these parts 
and used the utmost patience and have only in a 
sense polished the engaging points, reassemble 
them again in the gun and test it to see what 
improvement has been made. Undoubtedly, you 
have eliminated the creep, etc., and have a clean 
pull; but the weight was not reduced materially, 
because the notch is too deep in the hammer. The 
next step is to strive for a lighter pull. To reduce 
the pull it is necessary to reduce the bearing sur¬ 
face on the hammer notch so that the trigger does 
not have so far to travel and slide out of it. 

When stoning an angle in the hammer notch, 
care must be used in every movement of the stone; 
hold it so that it is possible to reduce it without 
removing too much. The Smith & Wesson revolv¬ 
ers have a very shallow notch and greater care 
must be given these arms than the Colt, for it is 
very easy to remove too great an amount at first. 
It may require from two to six trials before you 
get the desired pull and still retain the safety 
factor. The factories strongly advise against 
touching the hammer notch; nevertheless, this is 
the secret of a very fine pull in these arms. 

At times the use of a very fine needle file is 
permissible, providing it is used carefully. Fre¬ 
quently the parts are so hard that it is impossible 
to use a file, and the trigger notch projects so far 
that an oilstone can be used to greater advantage. 
A word of caution will be timely here: the begin¬ 
ner should always use the fine oilstones until he 
becomes proficient in the use of files for such work. 
There is not one man in a thousand who can use 
a file to advantage in reducing trigger pulls, so as 
a student doing this class of work, use the oil¬ 
stones and you will spoil fewer hammers and 
triggers. 

A serious error that many amateurs commit is 
to weaken the main springs in order to get a much 
lighter trigger pull. By no means should a main 
spring be weakened by grinding or should the 
strain screw be loosened in a Smith & Wesson 
revolver. A bad habit of many owners of revolv¬ 
ers is to grind either the top of the main spring or 
the under side. Such principles are wrong in all 
respects and the results are many misfires. The 
owner usually blames the primers or ammunition 
instead of his own folly. 

Automatic Pistols — To reduce the trigger pull 
on these arms requires considerable judgment, and 
to reduce a pull below 4V. pounds is at times 
courting much trouble. Because of the mechanical 


arrangements of triggers, sears, and hammers, on 
the Colt, Savage, Remington, Luger, Mauser, etc., 
and because of the principles of their mechanism, 
I have placed these in a separate class. It would 
be impossible to class these with the plain trigger 
because of the complicated method of their work¬ 
ing forces; therefore, they must be classified sepa¬ 
rately as “automatic.” 

It is always belter to have a trigger pull a little 
heavy on an automatic. If it is light, the danger 
point is raised, as the working of the action jars 
the hammer off the sear and results in misfires. 

You can not study the working parts in an 
automatic pistol as you did on the revolvers, but 
you can study the principle of them by carefully 
disassembling the parts. The Colt caliber .45 is 
a good subject to work on. When stoning the 
sear, extra care must be used in order not to stone 
an angle on these surfaces, for this will allow the 
sear to disengage upon the sudden backward throw 
of the slide. Very little stoning is permissible in 
order to reduce the pull, but an amount which 
will lead to an angle is too much. Another point 
to rememher is not to stone too much off the angle 
of the sear or not to place too great a radius on the 
end. A very slight amount is all that is required. 
It is rather a long-drawn-out “cut and try” propo¬ 
sition when reducing a pull on an automatic, so 
you must be prepared to spend a considerable 
amount of time on such arms. This is especially 
true of a Mauser or Luger automatic; yet the 
Luger is much easier in comparison with the Colt. 
A Mauser has so many functioning parts that 
working on them requires patience. Too much 
care cannot be used to avoid spoiling a part, for 
they are rather expensive. 

The main problem in stoning down sears, links, 
and intermediate sears in the arrangements of the 
parts, is to eliminate creep as much as possible. 
Therefore, it is necessary to stone a fine surface on 
all the engaging points. On the lesser arms, such 
as the small pocket models, I do not advise trying 
to reduce the trigger pull, for these arms are not 
made for target work. When T receive a request 
to do such work. I usually discourage it, for it 
consumes too much time; besides, it is far better 
to leave a hard pull on these weapons because they 
are frequently in the hands of inexperienced 
shooters. 

Bolt-Action Pulls — The ease of shooting with 
bolt-action rifles depends greatly upon the amount 
of force required to pull the trigger. This is char¬ 
acteristic of a match rifle with a heavy trigger 
pull. The exertion necessary is so great that it 
causes fatigue, and the muscular contraction tends 
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to throw or “flip” the rifle off its true aim. Bolt- 
action triggers come under a separate heading and 
are classed under “bolt actions. The hammer is 
replaced by a cocking piece, and the sear is a sepa¬ 
rate connection, but controlled by the trigger with 
a pin through the sear in such a location that the 
end of the trigger has a cam effect upon the sear lo 
release the cocking piece. Some of the arrange¬ 
ments of these mechanisms are excellent, some 
good, and others worthless. 

The design of the Springfield Model 1903 and 
Mauser is exceptionally fine, and in these rifles 
it is possible to secure excellent pulls. There is 
one bad feature in connection with these trigger 
designs, and that is the “drag” or “creep.” Drag 
or creep is the distance it is necessary to pull the 
trigger back before the final pressure fires the rifle. 
Drag is necessary in military arms when used by 
untrained men in warfare or on the rifle range, 
but when applied to sporting arms is altogether out 
of place. You must have instantaneous connec¬ 
tion with the trigger when your gun is brought up 
to the shoulder, for the minute the eye lines the 
sights and game, the discharge should take place. 

A long take-up in any trigger mechanism tends 
to confuse the control of muscular reaction at the 
critical moment, and I find most big-game hunters 
and sportsmen wish this drag eliminated. I usually 
employ two methods to do this; one is to run a 
small adjusting screw through the trigger, bearing 
against the forward end of the guard cut-out; an¬ 
other is to place a small plate in the milled slot on 
the under side of the guard. Drill two holes with 
J/i-inch centers and elongate them so that it is 
possible to make adjustments against the trigger, 
removing the take-up or drag altogether. By tap¬ 
ping the adjustable plate with a 4 x 48 tap and 
using a fillister-head screw, this can be made secure 
and positive, and it is an easy matter to make 
adjustments. The simplicity of the former method 
can be easily recognized, hut the screw must be 
tight in the tapped hole or there is a possibility 
that it may work in the wrong direction, causing 
the trigger pull to become too light and a prema¬ 
ture discharge is likely to occur. The latter method 
is positive and can soon be installed by the appli¬ 
cation of such a simple plate. 

Further improvement can be made by adjusting 
the trigger pull. Many Springfield Model 1903 
rifles that come from the Armory, as well as others 
in this class, require such adjustment. The Enfield 
is one of the most difficult to adjust, but with 
considerable patience a very fine pull is secured. 
The Krag is another rifle which is difficult to 
adjust as it is afflicted with a bad take-up or drag. 
Besides the drag, there is, as a rule, a certain 


roughness to these trigger pulls which it pays to 
eliminate. The beginner will spend much time and 
effort on both the Krag and Enfield in his endeav¬ 
ors to lighten the pulls, but it will be a great satis¬ 
faction when completed. 

It is a common belief of the amateur, if the end 
of the sear is ground away in both the Krag and 
Enfield, that the engaging distance of both the 
cocking piece and sear can be reduced to such a 
degree that a finer pull is possible; but they forget 
the lost motion between the bolt, cocking piece and 
sleeve. When ground too far the rifle cannot be 
cocked, as the cocking-piece notch will not engage 
the sear. In this case, the sear can be made to 
project more by grinding off some of the trigger 
cam. In many of these arms, the bolts can be 
shaken up and down by the fingers when held by 
the end of the cocking piece, whether cocked or 
with the firing pin in its downward position. Under 
these conditions, it is readily seen that by grinding 
off either the cocking piece projections or sear very 
far, it is possible that at times the sear may not 
firmly catch in the cocking piece and the rifle will 
be fired before the trigger is touched, owing to the 
looseness of the bult mechanism. This may be 
tested by cocking the rifle, taking hold of the cock¬ 
ing piece and pulling up hard. If the cocking 
piece can be released from the sear in this manner, 
the limit of safety has been passed. 

I must advise against this practise, for it is pos¬ 
sible to secure a fine pull on such arms with the 
methods outlined for the Springfield and Mauser 
rifles. It is very easy for the beginner himself to 
improve the trigger pull on either of these two. 
Carefully examine Figure 131, which illustrates the 



SEAR TRIGGER 


Fig. 131 

Firing mechanism of Springfield Model 1903 rifle. Screw-in 
trigger Is inserted to eliminate preliminary pull when rifle 
is converted to sporting arm 

Springfield trigger, sear, and end of cocking piece 
or firing pin. We have here the trigger, both 
views; the trigger is hinged in its slot in the sear 
by the trigger pin through hole G and in D in 
the sear. Tt has a milled finger piece U to prevent 
slipping of the finger, the bearing H, trigger-pin 
hole G y heel /, and the stop F. The sear top and 
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side views have the sear nose A, pin hole B, trigger 
slot C, the trigger-pin hole V, and scar-spring seat 
E , which is occupied by the sear spring. The pin hole 
B hinges the sear in the receiver. The cocking piece 
and firing pin consist of the firing-pin rod K and the 
cocking piece L, which are made separately, the 
former being screwed into the latter and riveted in 
assembling. The length of the rod is so adjusted 
that when the front end of the cocking piece bears 
against the interior shoulder of the sleeve, the 
striking point will project the proper distance be¬ 
yond the face of the bolt. Other parts are the 
knob M y lug N, cocking cam O, nose P f sear notch 
R, locking shoulder 5, locking groove T. But the 
essential points are at R and at A when stoning for 
the reduction of trigger pull; J is the adjusting 
screw on the trigger to eliminate the drag or take- 
up, which has been explained. 

By removing the rifle from the stock and as¬ 
sembling the guard, it is an easy matter for the 
student to study the working arrangement of the 
mechanism between sear and trigger; but between 
the sear nose and face uf the cocking piece, this 
part cannot be seen; however, you may coat both 
surfaces of the engaging points with the coppering 
solution and this will give you the results of travel 
and effect. A careful examination shows that there 
are two elements to the drag; first, a horizontal 
pull, the distance of the travel on H which feels 
as tho one were pulling against a spring, and the 
second, a rather grating sensation as the trigger 
movement changes approximately to a downward 
direction. The first element is caused by the 
rolling of the rounded projection II of the trigger 
upon the bottom of the receiver, which ends when 
the trigger comes in contact with the receiver at 
I. The second part of the pull or drag is caused 
by pulling the sear out of the cocking-piece notch 
into which it at times has entered too deeply. The 
grating feeling, drag, or jump must be removed, 
and when the trigger comes in contact with the 
receiver at /, a gentle constant pressure is re¬ 
quired until the sear snaps out of the notch, like 
the sudden breaking of a clay pipe-stem. 

The first operation in reducing the trigger pull, 
after knowing the complete working forces, is care¬ 
fully to stone the contact surfaces of the sear nose 
at A and the cocking-piece notch where they 
come in contact with each other, as Figure 131 
shows, between A and R. The nose of the sear 
must then be given a slight radius which is true 
and even across the length of the flat. The 
side surfaces of the sear and trigger should have a 
high polish. When doing any of this work, the 
parts must be held in a vise in such a manner 
that it is possible to use the oil and Arkansas 


stones to an unhindered advantage, but the sides 
of the sear and trigger can be polished on a polish¬ 
ing disc, by using a fine abrasive disc glued to a 
wooden wheel. 

Now assemble the parts and try the pull with 
the spring tester to see just the amount of reduc¬ 
tion obtained in the first attempt. You will no 
doubt find the pull somewhat reduced, and far 
smoother when released. You may also find a 
ralher hard pull remaining, with still some creep 
or catch. This will be removed if you have the 
sear stoned to a high luster on the engaging face, 
together with a small radius on the end. Nearly 
all other alterations of stoning may be done on 
the cocking-piece notch. Your first attempt of 
stoning was to get it smooth and square. That 
being accomplished, you must now begin to stone 
the notch R to a slight angle. This is done by 
stoning more out of the inside and only allowing 
the scar to bear upon the lower side. Then, again, 
you will find the reverse condition prevailing; 
therefore, it will be necessary to stone some off 
the lower side. This can only be found by trials. 

You may find it advisable to grind off a part of 
the top of the sear and also the cocking piece so 
that there will not be much travel, in order to 
secure the finest trigger pull. This has been dis¬ 
cussed concerning the Krag and Enfield, but on 
the Springfield or Mauser it is possible to obtain 
the right pull without resorting to such methods. 
It often happens during your first trials of the pull 
and after stoning the sear and the notch, that the 
sear will stick and not return. This happens as 
soon as you take up the preliminary pull and the 
trigger will not return to the normal position. Two 
things may be wrong; either the sear spring is too 
weak, or the angle on the face of the sear or the 
cocking piece is too great, allowing them both to 
ride on an angle. A coat of the coppering solution 
on the face of the sear and the cocking piece will 
show this trouble. To eliminate it, a stoning oper¬ 
ation is necessary to change the bearing surface, 
providing the spring is not too weak or broken. 

Having obtained experience on the Springfield 
and Mauser trigger mechanism, you will be able 
to perform the reduction of trigger pulls on all 
other arms which have similar mechanical features. 
On some bolt-action rifles where the sear acts as 
a bolt stop it is impossible to remove the drag or 
preliminary pull, as the full travel of the trigger is 
required in order to remove the bolt. Such a long 
take-up or drag on hunting arms is incorrect, and 
they are only made in such a manner to reduce 
the expense of manufacture. 

The Mannlicher mechanism has a roller placed 
in the end of the sear. I have completed a num- 
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ber in other arms in this manner by customers’ 
requests. The bearing is only in the center of the 
roller to reduce the bearing surface and reduce 
friction to a minimum. It is a very good idea, but 
when this part is stoned and highly polished on 
the trigger and also on the contact point of the 
receiver, the roller is hardly necessary because of 
the short travel. It would be different if this part 
would move any perceptible distance; but for the 
length of travel it has, it is practically stationary 
at the point of contact. 

Set Triggers — Set triggers, or hair triggers as 
they were first called, are of many kinds, and are 
found mostly on German and Austrian rilles. 
Charles Newton introduced set triggers on his 
rifles, which were very good in many respects. 
There have been a number of different ideas devel¬ 
oped along this line, but it seems as tho the German 
set trigger will still continue to be the standard. 
All such triggers now in use can be used as single 
triggers by merely omitting to set the rear trigger. 
However, it is difficult to give the clean and quick 
release that can be obtained with a single trigger, 
due to the arrangement of the leverage. Of course, 
one may do a considerable amount of stoning and 


produce a fair pull. The problem with set triggers 
lies in the fact that sufficient movement of the 
front trigger must be permitted to release the 

rear trigger, which then flies up and strikes the 

knock-off attached to the sear, thus firing the 

rifle. The rear trigger then comes to rest at a 
point considerably higher than it occupied when 
it was set and held by the bearing on the front 
trigger. To fire it as a single trigger, the 
front trigger must be drawn back beyond the 

point where it released the set trigger and until it 
bears either against the rear trigger in its higher 
position or directly upon the knock-off itself. It 
must come back far enough to press the lever end 
of the knock-off, raising it sufficiently to release 
the sear. 

Figure 132 shows the full detailed drawing for 
the German type of set trigger made on the princi¬ 
ples just described. The method of accomplishing 
the purpose of set triggers is to form the two trig¬ 
gers with the upper portions in the form of thin 
blades which work side by side, each being approx¬ 
imately one-half the thickness of the complete 
trigger. When used as a single trigger you can see 
that the straight projection of metal on the trigger 
is made to give the proper support due to the long 
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leverage, and the result is a hard grating pull. Set 
triggers have their advantages and disadvantages, 
for at times they become dangerous if the end of 
the rear trigger wears down and releases the set 
unexpectedly. The adjusting screw should be fitted 
very tightly in the trigger plate so that when it is 
once adjusted it will stay in place. A loose screw 
is always a source of annoyance in a set trigger 
mechanism, and it is much better to make these to 
stay in position when once set. 

There are two points which must have partic¬ 
ular attention; they are the springs and the proper 
temper in the triggers. In the regular German 
type of set triggers a considerable amount of trou¬ 
ble is encountered in their hardness. They must 
be hard enough to obviate any wear and at the 
same time not so brittle that they will break under 
hard usage. Very little difficulty is encountered 
with the springs when they come in the standard 
German set triggers, but when you attempt to 
make these yourself, careful attention must be paid 
the temper. 

The mechanism of most set triggers differs con¬ 
siderably. In one case the forward trigger is set; 
when it is necessary to use it, you push the front 
trigger forward and use the rear as the regular 
trigger, both triggers facing one another. Then 
there is the single set trigger in which the one 
trigger is pushed forward to set it. This is found 
on some of the Winchester arms. The mechanical 
features of all these triggers are very similar in 
construction, and the general directions and de¬ 
scriptions for making, as given in the first part, 
cover about all that can be learned except by a 
careful examination. However, it will be noticed 
that it has a sear at the front trigger. The notch 
or shoulder is the front trigger; one slides into the 
other and is engaged as the spring pressure is ap¬ 
plied. The disengaging feature is the weight set 
against the front trigger, which allows the rear 
trigger to snap back, hitting the knock-off. At 
times the rear trigger becomes too short, and by 
annealing this and lightly tapping the full length 
of the flat portion of trigger, it is possible to stretch 
the metal to a length which will place it back in 
the correct position. Harden and temper the trig¬ 
ger as previously directed. It may also be neces¬ 
sary to lighten these, as the adjusting screw will 
not take care of this part. The usual stoning and 
polishing of the engaging points is necessary. Gen¬ 
erally, the adjusting takes care of the points I have 
mentioned, and it is the rear trigger which needs 
only a slight stoning operation. 

Shotgun Triggers — These also come under a 
separate class, because of the mechanical features 


of the arrangements of the triggers, sears, and 
tumblers. By changing these into different posi¬ 
tions we get greater or lesser pull; but there is no 
need for going into an explanation, as they are 
fixed points and we cannot change them; what we 
are interested in is the trigger pull. Nearly all 
shotguns are constructed on the same principles, 
with the long sear, regardless of whether they have 
box, side-lock action, single, or double triggers. 

I will not give long descriptions of the principles 
of a shotgun-trigger mechanism, but rather discuss 
the difficulties encountered with these triggers. 
The first consideration, when picking up a shot¬ 
gun, is to test for the freedom of the triggers 
against the sears, to see that there is not too much 
pressure there. A trigger should have the freedom 
of at least the thickness of a piece of paper at the 
engaging point and work down to a pull between 
3Va and 4 pounds. 

Assuming that snap caps or dummies are in the 
chambers, it is now possible to test for the trigger 
pull without any danger of breaking the striker 
during alterations for the required pull. It has 
frequently happened that one or the other side of 
double shotguns or double rifles pulls harder than 
the other; one side may have a pull of 3 pounds 
and the other as much as 8 pounds or more. If 
the triggers are free against the sears, they must 
be stoned on the engaging point to increase or 
decrease the pull so that there will be the same 
weight on both sides. If it should be a box-action 
lock, it is necessary to disassemble the gun. This 
means that the stock be completely removed, in¬ 
cluding all the screw's which hold it in place, and 
also the pins that hold the sears. If it is possible, 
remove the stock without releasing the hammer. 
Study their position, and if it is necessary to re¬ 
move the sears, do so, for they can be put back in 
place, and the gun cocked by assembling the bar¬ 
rels into the action and setting the forearm in 
place. Having cocked the gun and released the 
sears two or three times, you will easily get a 
direct understanding of how these are released 
from the tumbler notches. While observing the 
disengaging of the sears from the tumblers, notice 
the angles on the end of each, particularly the 
bearing surface. You will also notice the difference 
between the one which has the light pull and the 
opposite with the heavy pull. The one which has 
the light pull has more radius, and the one which 
has a heavy pull has a greater angle requiring 
more force to remove it from the notch. 

You will rarely find it necessary to remove the 
tumblers to stone notches, and if you do, use only 
a fine Arkansas stone. As these were cut in very 
shallow, much damage can be done with even a 
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fine oilstone. After the sears are removed, exam¬ 
ine these notches with a magnifying glass, to see if 
any work is required with the Arkansas stone. If 
they appear rough and show tool marks, it is nec¬ 
essary to remove them by polishing the surface. 
If not, leave them in place, as it is usually difficult 
to reassemble them. 

The sears must be stoned on the ends in such a 
manner that the weight of the pull becomes even 
on both sides. The angle is usually stoned back 
so that it is free of the top of the notch in the 
tumbler; then a slight radius is stoned on the end. 
This is made so that it has an even bearing in the 
notch, and the size will more or less govern the 
pull. Some sears do not require any radius, but 
instead, an angle, because of the shallow cut-out 
in the tumbler. Therefore, you must govern your 
methods of stoning the sears so as to have both 
triggers release with the same weight. 

You will find that it requires a number of assem¬ 
bling and disassembling operations to secure the 
correct pull. Instead of placing the action back 
into the stock for every test you make, only assem¬ 
ble the trigger guard. First, cut a piece of small 
gas pipe of the correct length and place it between 
the upper tang and trigger guard. The rear screw 
is tightened against this, securing the same results 
as tho it were in place in the stock. With this 
space between there will be no spring to the guard 
when the triggers are pulled. Place the barrels iu 
the action with the forearm in place and test for 
the pull. The work you have done makes a vast 
difference. 

Some other changes are made to bring the pull 
down to the required weight, a pull which will be 
clean and one that requires a pressure on both 
triggers of about 4 pounds to release the tumblers. 
The pull should be without the least suggestion of 
drag or creep. Practically every cheap shotgun as 
it comes from the factory needs some adjustments 
in order to suit your requirements in trigger pull. 
While all this work is being done it will be well 
to give the arm a complete polishing of all parts 
as described in other chapters. The working parts 
should open and close with freedom and the work¬ 
ing of the locks should have a ringing sound similar 
to a delicate piece of machinery when opened, 
released, and snapped. 

Shotgun Single Triggers — There are so many 
different single triggers on double shotguns that it 
is difficult to select a certain one and say it is 
better than the others. There will come a time 
when all shotguns and double rifles will be 
equipped with single triggers, from the standpoint 
of practicability and various other reasons, such 


as the design of stocks and length. Shifting from 
one trigger lo the other, changes positions of length; 
therefore, a stock made to measurement for the 
forward trigger is too short for the rear trigger; but 
on a single trigger the length, when once estab¬ 
lished, is set. 

I admire the Lang single trigger because of its 
simple construction, so I base most of my judgment 
upon single triggers from the simple mechanical fea¬ 
tures which are included in the Lang patent. They 
are not selective as a number of other patents are, 
but I believe that very few men use this feature, or 
take advantage of it, even tho it is on their guns. 
It would seem that a selective single trigger is 
only a matter of choice, and when considering extra 
levers to install this feature, they must be put in a 
position which is accessible, and arranged in such 
a manner that the slightest touch will shift the 
position. This should be incorporated in the safety 
thumb-catch on the tang and arranged in such a 
manner that one will be independent of the other. 
When that improvement is made, more people will 
be in favor of selective single triggers. 

The advantages of a single trigger over the 
ordinary two-trigger mechanism are many; a few 
of these are: There is more time fur firing both 
barrels; the grip need not be relaxed, which is re¬ 
quired on two triggers; gloves may be worn without 
causing any inconvenience; trigger pulls can be 
regulated as easily as on double triggers; ordinary 
intercepting or safety levers are possible. 

When a single trigger is built it should have 
extreme simplicity of its mechanical features and 
still be heavy enough so there will never be any 
danger of these coming out of adjustment; at the 
same time it should act independently of recoil. It 
would be difficult to pick out any particular single 
trigger and list the various parts, because there are 
so many. I have already commented on the sim¬ 
plicity of the Lang trigger. Other makes may be 
similar, as for instance, the Westlcy Richards, 
therefore I shall remain neutral in the matter and 
allow the gun user to make his own selection. A 
single trigger is so arranged by mechanical move¬ 
ment that it is possible to change from one position 
to the other by levers, cams, and springs. The 
mechanical arrangement allows first one barrel 
to be fired, and the release of the finger upon the 
trigger allows the other tumbler or lever to catch. 
The same amount of pressure releases the other 
sear and discharges the weapon. On single-triggei 
arms, the same length sears are used as on double 
triggers, except for the length of the end projection 
to engage the lever. Furthermore, the weight of 
pull can be made to any pressure required without 
fear of faulty operation or the simultaneous dis- 
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charge of both barrels. My advice to the beginner 
is to study these and understand the working prin¬ 
ciples thoroughly before trying to disassemble them, 
particularly the more complicated kind. With the 
simple ones, built on the same principle as the 
Lang, you can remove all items with freedom, be¬ 
cause there are so few working parts. 

Speeding Up Lock Time — This question is 
always in the minds of target shooters, and exten¬ 
sive experimentation has been done these past ten 
years on this one problem. It is only natural that 
when the student completes the adjustment on the 
trigger pull, he desires to speed up the lock time 
to suit his fancy. The Winchester Model 52 has 
a very fast short striker, but the Springfield Model 
1903 and M I .22 caliber have been more or less 
neglected, except those on which the lock time has 
been improved. I have never thought it particu¬ 
larly advisable to speed up lock time, and have 
only done it when a customer so desired. Nearly 
all of this work has been applied to single-barrel 
trap guns, and even that requires the making of 
all new parts; the same applies to bolt-action rifles. 

This operation is done in a number of ways, de¬ 
pending upon the type of action. The principles 
employed are: shorter hammer or striker fall, 
heavier and stiffer main springs, lighter hammers 
or firing pins, removal of weight from hammers by 
drilling; and on rifles with hammers, changing the 
location of sear notches in hammers or tumblers. 

Flat or V-type springs, when made of the proper 
spring steel, have a much faster action than coil 
springs made of piano wire. Naturally the manu¬ 
facturers tell the public that the helical or com¬ 
pression springs are the most durable, because they 
seldom or never break; the flat spring is easily 
broken. Helical or compression springs have re¬ 
placed the flat spring because they can be manu¬ 
factured more cheaply. The flat spring steel made 
in the United States is usually of a poor quality, 
but if the manufacturers would import the finest 
of British spring steel and apply the correct heat- 
treating methods, the flat V-spring would still be 
supreme in the construction of our American fire¬ 
arms. Of course, now that the designs of shotgun 
actions are made for coil springs, it is out of the 
question to substitute a flat spring; so we must be 
satisfied with the coil springs. 

A rifle-action having flat springs and a hammer 
can often be speeded up by making a much heavier 
spring; use the old one as a model and apply the 
correct methods of forging and heat treatment as 
described in the section on “Spring Making,” 
Chapter XXI, Volume II. The hammer is light¬ 
ened by removing metal wherever possible, and 


changing the sear or trigger notch so that it will 
not have quite so long a fall. 

The usual plan of reducing the weight of a ham¬ 
mer is to drill holes in positions so that they will 
not interfere with its strength. When performing 
this operation, la}' the holes out so that they will 
be spaced the same distance apart and also be the 
same distance from the sides. These may either be 
counterbored or countersunk to improve the ap¬ 
pearance. Metal may also be removed by a milling 
operation, using a small end mill. Always weigh 
the hammer before the operations and after. Too 
much care cannot he exercised when doing this 
work. The hammers are hardened or even case- 
hardened again, after the work is completed. Case- 
hardening, as described in Chapter XVI, Volume II, 
is recommended for these parts. 

When filing new sear notches in a hammer to 
shorten the travel, a thorough examination should 
be given the hammer and the trigger to see if this 
can be done. Many hammers cannot be altered 
because of the close work or limits between the 
trigger and the hammer notch, and the short dis¬ 
tance between the new notch and the old. This 
must be well figured out before any work is started. 
Be positive that the parts will not be spoiled; also 
consider the possibility of securing a new one from 
the manufacturer. If you are working on an obso¬ 
lete model you may find it necessary to make a new 
hammer, and this means a lot of work. 

Oftentimes a new spring is quite practical when 
made extra-heavy and with the proper temper; 
still, you may be able to stiffen the old spring by 
the addition of a piece of copper wire, small in 
diameter, wound around near the bottom. At times 
one or two coils of small wire are sufficient, and 
then three or four windings are necessary to bring 
the spring up to a high tension in order to get a 
fast hammer throw and still secure the desired 
efficiency from the spring. Very frequently you 
will find that in the end a new spring will be the 
most practical. 

When speeding up lock time on single-barrel 
trap guns it does nut pay to try to make the old 
parts do, such as the springs and tumblers. These 
parts are usually rather complicated, and it requires 
time and patience to construct new ones; but the 
time and efforts are rewarded by better results at 
the traps. I have speeded up such single-trap guns 
as the Francotte, Lang, Westley Richards, Daley, 
Baker, etc., with very satisfactory results; but these 
arms require new parts and entail much work. If 
you should have the opportunity to work on the 
Francotte trap gun, make at least three of the 
sear springs and two of the main springs to get the 
desired results. The small sear spring is especially 
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important, for this sounds the ringing snap when 
the gun is opened and in the cocked position. When 
a change is made in the hammer, a new sear is re¬ 
quired as well. Always get the engaging section 
well down instead of short, which makes a better 
trigger pull on one of these arms. Each and every 
gun of special construction requires special con¬ 
struction of the new parts in order to get the most 
rapid lock time. 

Speeding-up lock time on bolt-action rifles is done 
in various ways. There was much of this done 
on the Springfield Model 1903 rifle after T left the 
arsenal, together with new set trigger. This infor¬ 
mation was published in The American Rifleman . 
The international team was supplied with it in 
1926, if I am not mistaken. 

I have read of advice to cut off the end of the 
cocking piece on the Springfield rifle to reduce the 
weight and then round this over on the end. My 
advice would be to secure a headless cocking piece 
from the D. C. M.*, for when you once cut the 
end off it allows the firing-pin rod to unscrew from 
the cocking piece. This rod is threaded and the 
cocking piece is tapped to receive it. The pin is 
then riveted over and will never turn out or strip 
the threads from constant use. If you find it neces¬ 
sary to cut off the old-style cocking piece with the 
knob, make a gauge from a piece of sheet metal 
or set the combination square from the end of the 
rod to the cocking piece so that you can hold the 
correct length. Before you rivet over the end, drill 
a % 4 -inch hole, insert a piece of drill rod, and rivet 
this over on each side. Rivet over the end of the 
pin in the cocking piece; this makes a positive 
union which will never screw out of the cocking 
piece. 

By grinding back the sear notch and also the 
face of the sear, a shorter travel is obtained, but 
too much care cannot be used in doing this, to 
maintain the original shape on both engaging sur¬ 
faces. This alteration, together with a special spring 
made from square spring steel instead of the round 
music wire that is used, will speed up the lock time 
greatly. Such springs are rather difficult to make 
•D. C. M., DilCCtot of Civilian Maiksmaoship. 


without special tools, but when once made are very- 
efficient, and have more tension than the round 
spring which comes as a standard on these rifles. 
Bolt-action arms can be made at least 20 per cent 
faster in lock time by employing these springs and 
giving them the proper temper. 

Longer rods, together with special strikers, can 
be made to reduce the distance of the travel. These 
are made of special alloy steel which has been 
given the proper heat treatment. The heavier 
spring steel must also be employed when using 
these. Remember that the correct projection of 
the firing pin from the face of the bolt should be 
0.065 maximum and 0.055 minimum. If the striker 
is allowed to project over 0.065 inch from the face 
of the holt, it means a number of pierced primers. 
When lubricating the firing mechanism of any 
speed-up Jocks, use the lightest oil possible, such 
as given in Chapter XXV, and then use it very 
sparingly. 

The problems of trigger pull and lock time are 
probably among the most vital points of good 
shooting and the most careful attention should 
be given to these essential parts of a rifle. The 
beginner will, no doubt, spend much time and effort 
in his endeavors to obtain a perfect trigger pull 
and better lock time. He may, in his attempts, 
spoil a few parts, but when, finally, perfection is 
achieved, mingled pride and satisfaction are the 
reward. 

Only one who is a rifleman himself can aj> 
predate the superior feeling gained from knowing 
that his rifle or shotgun has the proper trigger pull. 
After that, other arms which are imperfect in this 
respect will seem foreign and strange in his hands. 
Next in importance to trigger pulls are sights, and 
when the combinations are in perfect harmony 
with each other the student will find, as time goes 
on, that he has acquired a greater understanding 
of firearms and can select the perfect rifle for his 
own individual requirements. Carry out the in¬ 
structions given in this chapter, and then turn 
to the question of proper sights, which, together 
with perfect control of the trigger, will establish 
your independence in good shooting. 
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Amateur Etching and Engraving 


A CHAPTER of this nature, to be thorough and 
accurate, should be written by an experienced 
etcher, and in my opinion the only ones qualified 
are those who take it up as an art in connection 
with Art itself. Steel engravers have mastered it, 
but they prefer to chisel their designs on the metal. 
Fine engraving is an art which involves a lifetime of 
study, but with a little aptness and an eye for detail 
the amateur can easily master etching. 

I remember my early attempts at this fascinating 
art. We had a man in the gauge department at the 
Arsenal who was a jewelry engraver, and a very 
good one, but he used hand gravers, held these 
tools in the palm of the hand, and worked the metal 
out around the design, as we would use a scraper, 
only pushing the tools directly away from him. On 
most of the work he used a special vise with a 
round ball which fitted into a holder fastened to the 
bench and could be moved in any position. After 
watching him for some time, I made different kinds 
of gravers and tried his methods, but without much 
artistic expression. I found a great difference be¬ 
tween a jewelry engraver and an engraver of fire¬ 
arms; the latter chips his design out. with special 
chisels, whereas the former eats away his metal. 
The processes are equally difficult. The jewelry 
engraver makes a great many etchings, and this 
the student can do with very little practise. 

You will note that I have listed the various etch¬ 
ing solutions in Chapter XVI, Vol. II, and some 
special solutions are given here. When I made 
up a box with the various cleaning and repair acces¬ 
sories for Colonel Whelen, our engraver made the 
name plate to be fastened on the top lid with the 
Colonel's name and camp-fire motto etched in on 
brass. This showed up so well that from then on 
my interest centered upon etching, and I still find it 
simpler than trying to engrave objects on steel with 
chisels. 

It was necessary for me to copy objects on 
tracing paper and transfer them to the plate 
frame of revolvers, cylinders, floor plates, guards, 
etc., whereas the engraver brings his designs out 
free-hand with needles, scrapers, dry-points, etc. 
Those with artistic ability will have no trouble 
making desired sketches on the plain parts of a 
firearm to make it more attractive. 


Tools for Etching —The student can make 
most of these tools from dental burrs by grinding 
them to the various shapes required for etching, 
and then supplying them with wooden handles from 
ebony, yew, or snakewood. Fur the needle points 
you can use ordinary needles, setting them into 
wooden handles. Sealing wax is melted over the 
end of the holder and formed by the fingers into a 
smooth cone halfway up the needle. The round 
dental burrs, which look like small cherries, can 
be ground and used as burnishers. Of course, it is 
necessary to remove all the flutes from the burr and 
stone the ends to a high polish. Some burnishers 
are perfectly round, others have only a half-round 
section, and some have two flat sides and a rounded 
point. Two of these can be set in one handle the 
same as the needles. It will also be necessary to 
make blunt points small in size for wider lines. 
When you arc continually placing needles in acid, 
the points arc soon eaten away, and the needles 
in time can be used for blunt points. These also 
lose their acute angle when sharpened, and a very 
obtuse-angled needle means a very broad line un¬ 
less the point is kept sharp. A good holder is that 
made by the L. S. Starret Co. as a scriber holder. 
It consists of a screw holder and loose steel points 
which are reversible when not in use. The scriber 
points are too long for drawing lines, but these can 
be ground down and made shorter, or special ones 
can be made. Victrola needles can be utilized and 
made to fit this scriber handle. These grips are ex¬ 
cellent for dry-point. 

Whether it is broad or fine, an etching needle 
should be blunt and perfectly round so that, when 
removing the varnish or wax, the hand may move in 
any direction without the point catching in the 
metal. After sharpening one of these needles on 
a stone, the best way to insure a smooth rounded 
point is to take hold of the needle on the holder 
and scribe circles with it on a fine hard Arkansas 
stone and then on some polished steel surface, 
making the circumferences of the circles as wide as 
possible, and gradually diminishing them (by rais¬ 
ing the hand) until the needle is in a vertical po¬ 
sition and the circles are very small. This opera¬ 
tion wears off the irregular face of the sharpened 
point of steel, and any degree of bluntness without 
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Fig. 133 

Beautiful examples of the steel engraver's art. Many parts may be etched 


angles may be obtained. With these, dry-point, 
and any degree of light or heavy lines can be made 
through the varnish. 

Sharp-pointed needles made from dental burrs 
must be so constructed that the chief value lies in 
their extraordinary freedom in scribing lines on 
steel. They should not be employed on hardened 
steel such as revolvers, automatic pistols, floor 
plates, guards, barrels, etc. They will be found 
invaluable, as they can move into the steel through 
the varnish as easily as the dry-point, t he needles 


produce very fine cross-checkered lines through the 
varnish which look far better than a matted surface. 
This process is so laborious that you will probably 
not want to attempt it; however, it can be done 
with a matting tool having very fine teeth, as illus¬ 
trated in Figure 139, or with a contrivance that 
dress-makers use, having a handle and a round 
roller with a number of pointed teeth. 

It would be an easv matter for the student tn 

* 

buy a jeweler’s knurl with fine serrated teeth, and 
set this into a handle so that it could be rolled 





AMATEUR ETCHING AND ENGRAVING 


303 


over the surface. This produces a pleasing effect. 
The scraped-out surface around the design looks 
very well, but the straight tine lines between the 
designs improve the work greatly. If you can sum¬ 
mon the courage or command the staying power 
to carry it through, matting done with the acid is 
beautiful. In principle it should yield a series of 
finely dotted lines, and at the same time form a 
solid black between the lines of the design. Re¬ 
member, however, that this requires patience and 
long hours of labor. 

Scraper — This can be made from a three-square 
needle tile. Break the file off about l 1 /-; inches 
from the handle in the file section and grind to a 
three-sided stiletto, each face being a cutting edge 
down to the point. When grinding, be careful not 
to draw the temper by turning the point. When 
completely ground, the temper must be drawn to 
a dark straw color. Cut off part of the handle and 
set into an ebony handle. A good oilstone is re¬ 
quired to keep this sharp, and each face must be 


held flat on the stone while rubbing. A long cork 
should be used to protect the tip of the tool, with 
a suspicion of oil to prevent rusting when not in 
use. The scraper is used to pare off the surface 
of varnish between the designs and where correc¬ 
tions are to he made; also to scrape and remove sec¬ 
tions between designs or ‘‘burrs'’ when needles have 
thrown them up. 

You will also find a fiat scraper necessary, made 
from a thin fiat needle file in the same length as 
the three-sided scraper. This must also be ground 
and the temper drawn to a dark straw, set into a 
handle, and stoned to a sharp cutting edge on the 
end. 'This sc raper is used to push the varnish away 
on the larger surfaces and to scrape the metal on 
parts where a wavy appearance is desired. The 
action of the hand in scraping is as follows: one 
side of the three-sided tool is placed flat upon the 
steel surface and then tilted just enough to shave 
off the metal when moving forward with a slight 
downward pull. It is gripped between the first and 
second lingers and thumb; the hand slides on the 



Fig. 134 

Relief engraving showing cloud effect in background. This effect can also be scraped out end aciC 
used to deepen the appearance. A very striking design for a shotgun 
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nail nf the little finger. This enables the angle of 
the hand, and consequently the angle of the scraper, 
to be kept absolutely constant. All direction should 
be controlled from the elbow. The flat scraper 
naturally may be used in both directions. Where 
much scraping is to be done, the three-sided scraper 
can be held in the manner described, with a scrap¬ 
ing motion toward you. Figure 134 shows what 
can be done with a scraper. 

Burnishers — The burnisher is merely a highly 
polished flat or round tool used to remove rough¬ 
ness and scratches. The tools made from dental 
burrs arc very satisfactory. You can make dif¬ 
ferent shaped instruments from these and the half- 
round needle files which arc set into ebony handles. 
The half-round burnishers may be used successfully 
on rounded surfaces such as barrels on rifles or shot¬ 
guns, revolver frames and guards, etc. 

Graver — The burin or graver is properly the 
line-engraver’s instrument, but a very useful tho 
not essential tool for the student to use in etching. 
By its aid a line or two may be added here and 
there without the necessity of regrinding and re¬ 
biting. The quality of this line combines far better 
with that of etching than that produced by the 
dry-point, and is besides, more durable, as the 
graver does not merely displace the metal in its 
passage, but removes it completely. By no means 
will every etching job on a firearm require its use, 
but as a reserve tool you will find it very' valuable. 

All these instruments should be protected from 
rust; no parts should be left exposed to the action 
of acid. All points should be protected with cork 
tips, and a certain amount of sperm oil should be 
allowed to soak into the cork. Before using them, 
all traces of oil must be removed or the acid will 
not take effect. Figure 135 illustrates all of these 
tools, which were made as described; they are some 
of the easiest tools for the student to construct. 

Acids or Mordants — Nitric acid is the most 
commonly used for steel, and Formula No. 28 in 
Chapter XVI, Vol. II, may be used successfully 
on soft parts of metal surfaces; on hardened parts 
the formulas differ. To give full details of etching, 
it will be necessary to go into the subject very 
thoroughly and give complete instructions, so I 
shall incorporate different formulas as I go along, 
using various acids to do the biting-in. 

I use nitric acid with an equal quantity of water 
(equal volume—not weight), but you may prefer 
a weaker or stronger bath, such as 1 part acid to 
3 parts water, or 1 part acid to 5 parts water. In 
preparing the acid mixture, the water should not 


be. poured into the acid , as the heat generated may 
conceivably crack the bottle. The water should be 
first measured and poured into the bottle, then the 
acid added. The cork or stopper should never be 
placed in the bottle until the mixture has had time 
to cool, nor should it be used until cold. It is well 
to hold in reserve some of the raw acid for extra¬ 
strong biting at the end of the work. The mixture 
may be a little too rapid in its attack until some 
filings have been added, or better still, a small ball 
of steel wool the size of a navy bean. After the 
first mixture, some of the exhausted acid can always 
be mixed with the new, sufficient to color it a pale 
brown. 

On hardened receivers you will find it necessary 
to use two parts hydrochloric and one part of acetic 
acid. It will be wise to experiment on the under 
side of the receiver first to see just what the action 
of the acid will be. Formula No. 29 may not 
give the required results, therefore it will be neces¬ 
sary to use Formula No. 30, Chapter XVT, Vol. II. 
Still, I have used one part nitric to two parts 
water, and trials nn the under side will determine 
results. 

Another acid which is invaluable, not only mixed 
as in Formula No. 29 (glacial used in this formula), 
and the use of which you can not find in text¬ 
books, is acetic acid. The ordinary commercial add 
is best, and not “glacial,” which is too strong and 
used undiluted. The B. P. acetic acid (commer¬ 
cial) is about 30 per cent in strength. Its function 
is to remove impurities, particularly those which 
have been deposited by moist hands in drawing on 
the steel part of the gun and may have collected 
in the lines, forming temporary “acid-resist” and 
thus causing fatal irregularity in the lines. This 
cleansing of the lines and flat spots from perspira¬ 
tion salts, etc., is particularly necessary when a 
gun has been worked upon for several days, as 
without the action of the acetic acid the most re¬ 
cently drawn parts are almost certain to begin 
biring before those passages drawn earlier. This is 
especially fatal where fine checkered or straight fine 
lines are drawn at the close of the work; in this 
case these last lines will jump ahead of the rest of 
the work of which they are a part. Even when 
there has been no perspiration from the hands, 
slight oxidation from the atmosphere is sufficient 
to make a difference. The action of the acetic 
brightens up all the lines and spaces as if they 
had jusi been drawn, and permits the mordant 
to reach them all immediately, and what is more 
important, simultaneously. 

Good cider vinegar proves an efficient substi¬ 
tute, especially if a little common salt is added. 
I discovered this while trying to make the acid 
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Fig. 135 

Essential tools and equipment fox the amateur: suggested scroll designs 


r 


bite better by adding salt to the acid when it 
failed to take effect after applying it over the 
etching. Then I conceived the idea that if vinegar 
and salt were mixed together it might prove more 
effective. This, however, did not prove satisfac¬ 


tory; but during the experiment I spilled some into 
the part where no acid had been applied. After 
washing this off with water, I tried the acid at that 
point and good results were obtained. Acetic acid, 
when procurable, however, gives the best results. 
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Bottles — The best receptacles for acids are 
French laboratory bottles, or bottles with glass 
stoppers. It is difficult to obtain the former in this 
country, but the latter with the large glass stoppers 
are perfectly satisfactory. 

A glass rod should be used when only a small 
amount is required on a small surface, but when 
you immerse the work and pour the acid in lead 
or hard rubber dishes or trays, the wide-top bottles 
arc best. 

I have only touched upon the question of label¬ 
ing bottles “Poison” in Chapter XVI, Volume 


II. but further warnings cannot be insisted 
upon too strongly and may as well be mentioned 
here. 

1. Label all bottles legibly. 

2. Keep acids and other poisons out 
of the reach of children. 

Whatever the shape, all acid bottles should be 
provided with glass stoppers. Only white glass 
bottles should be used to contain etching solutions. 
Blue or brown glass bottles arc a nuisance for keep¬ 
ing mixed mordants, as it is necessary to see the 
color of the acid in order to judge its strength. The 




AMATEUR ETCHING AND ENGRAVING 


313 


more steel the acid takes up, the darker the color 
becomes, and if too much is used, the biting force 
of the acid will be nearly exhausted, resulting in 
underbitten lines if the biting has been gauged by 
time. Most of it should be thrown away, keeping 
a little, as before mentioned, for taking the edge 
off the new acid. 

The more concentrated the acid, the more quickly 
it attacks (and exhausts itself). Pure nitric, when 
placed on metal, will boil furiously for a moment; 
a brown salt is then formed, and the action entirely 
ceases; the same amount of acid mixed with an 
equal bulk of water will continue biting steadily for 
a reasonably long time. Therefore, the weaker the 
acid, the cleaner, smoother-sided line will it bite: 
accordingly, the stronger the acid, the coarser, 
rougher-edged line will result. 

Trays or Troughs — During the biting process, 
when a receiver, barrel or revolver is etched, recep¬ 
tacles large enough to hold such parts are required. 
For this purpose any kind of dish will serve with a 
glazed or varnished surface which is unaffected by 
acids. Tt is quite possible to make these in the 
workshop with the wood protected by a great many 
coats of varnish, melted beeswax being first run 
into the joints. It will be well to make one for 
barrels, one fur receivers, guards, and one for re¬ 
volvers and automatic pistols. The most suitable 
trays are those used by photographers, of porce¬ 
lain or papier-mach6; the latter being light but 
less durable. 

In order to place the work in the trays, two wires 
should be made so that they will fit over the sides 
when the work is lowered into the bath. String 
or twine should never be used, as this is risky and 
messy. The twine becomes rotten in time and may 
snap, and if it does, everything metallic near the 
bath will become rusted or tarnished if it is polished 
steel. 

Ammonia — It is well to have a bottle of liquid 
ammonia handy for application to any spots of acid. 
Next to a strong alkali-like ammonia, water is the 
best thing to counteract the effect of acid. If the 
hands begin to tickle violently, they should be 
dipped into water; but for clothes, an alkali is 
necessary to neutralize the acid instantly. Rubber 
gloves should be worn, as nitric acid roughens and 
yellows the skin; unless rubber gloves or finger¬ 
stalls are used, this must be put up with, and no 
genuine enthusiast ever minds such trifles. Fumes 
from the hydrochloric and chloric acids are nothing 
as compared with those from a strong nitric bath, 
where a large area of metal is exposed; the effects 
of these gases is very often noticeable even at a 


distance from the bath. Tii order to stop the acid’s 
action in biting, either plunge the part into water 
(warm water is much better than cold, as it keeps 
the ground from becoming brittle), or dry it with 
blotting paper with a little ammonia added, and 
rinse it under the warm water. If the part is not 
washed, the stopping-out varnish will refuse to stick 
to the ground properly. There is also a slight 
danger of continued action in the lines. 

Slopping-out Varnishes — These are used for 
protecting the steel parts of firearms before placing 
them in the acid bath. When I first began to 
experiment with etching designs on steel or gun 
parts, I used beeswax placed in a linen or silk cloth, 
heating the parts up to a point where the wax would 
run freely over them. Then I let the steel cool 
completely before any design was etched in. In time 
I found this to be an unsatisfactory method. I 
then began to try different varnishes, and obtained 
some information from my friend, the engraver 
in the gauge department. He told me of a straw- 
hat polish or varnish which was often used, but 
I could not obtain it. This, I understand, is one of 
the best preparations to use for stopping-out. It 
is used also for painting over lines which have not 
been sufficiently bitten. A liquid in the form of 
a varnish should be used with a brush. I would 
nut suggest buying any varnish on the market, for 
most of it takes too long to dry and is generally 
too thick and unmanageable. A very good color 
varnish which can be mixed as a stopping-out 
varnish is made as follows: 

4 oz. shellac, white 
8 oz. pure grain alcohol 
45 gr. methyl—violet dye 

Allow the alcohol to dissolve the shellac com¬ 
pletely, and then add the dye. This produces a 
very good color to work over or to cut out designs. 

The following is equally good: 

1 part bitumen (asphaltum) 

5 parts benzol 

This varnish may be painted on the firearm with 
a pointed camel-hair brush. Usually the border is 
painted around the design; then all the remaining 
portions of the steel are exposed to be etched out. 
Naturally, the more accurate the design the better 
it will appear when finished. Veins of leaves are 
the best for the student to paint in, or different 
scroll designs, which are much easier to paint than 
leaves. Of course, by this method you can do a 
fair job of etching, but far better results may be 
obtained by the proper application of the designs, 
as they should be worked out with the instruments 
I have described. 



314 


THE MODERN GUNSMITH 



Fig. 137 

Ballard action engraved in high roliol. Tho scroll design can be used for etching 


The steel must be polished and free from any grease 
or oil before the stopping-out varnish is applied. 
All parts should be disassembled from a firearm and 
completely painted with the varnish. For example, 
on a hardened Springfield receiver, small wooden 
plugs must be made for the front and rear guard 
screw-threaded holes and the part completely 
painted with the varnish inside and out. The 
process is the same on revolvers; both ends of the 
barrel must be tightly plugged, and also the cylin¬ 
ders. A barrel must also be plugged on each end 
and the parts entirely covered with the varnish. 
When the process of etching is completed and the 
acid washed off, immerse the parts in boiling water 
or alcohol, and the varnish will be completely re¬ 
moved. After this is done, the design stands out 
clearly. 

A great many firearms may be etched successfully 
by the student to relieve the original plain appear¬ 
ance. When I say a great many arms, I mean 
almost all the military models, such as the Spring- 
field, Enfield, Krag, as well as factory arms. These 
arms are good subjects to work on, and needless to 
say a great improvement may be achieved by many 
amateurs. I begin my own work by using tracing 
paper and then transferring the design to the steel. 
It is remarkable how accurately these designs will 
come out. Of course this is a simple method com¬ 
pared with those used in the work of an artist such 


as Rudolph Kornbrath; but then we pass into 
another class which requires years of experience 
and is beyond my ability. 1 would advise the be¬ 
ginner to attempt only the simple designs which I 
shall describe. 

Screw Heads — File some simple design on 
screw heads rather than leave them plain, espe¬ 
cially the screws which secure the pistol-grip cap 
and also the butt plate, as illustrated in Figure 138. 
This is only a way of relieving the plain appear¬ 
ance of the heads, but it shows that some fore¬ 
thought has been used. Naturally, the designs on 
all the heads should conform with each other. I 
advocate this on all screws which show in bold 
relief, such as the guard screws, forearm screws, 
and on revolvers where the heads show, such as 
the side plates, etc. File the lines very shallow 
on these heads, for lines that are too deep not only 
look bad, but accumulate dirt and oil in the cuts. 
The only file used is a double knife-edge needle 
file. Catch the screw between the lead vise jaws, 
and place the fine lines across the face. Tf you 
should have a lathe, fine circles may be cut and 
then the lines can be worked up to these. A very 
neat design is the checkered head. It requires a 
little patience to keep the lines even and straight, 
but you will find that with a little practise this 
can easily be accomplished The fine straight lines 
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END KNIFE EDGE El LE 

Fig. 138 

Ornamental screw heads. Most designs can be made with the knife-edge file, and others with an engraving tool 


also require patience. As all screws are set in 
north and south, lines must be designed which will 
not conflict with the slot; it will be seen how easily 
darker or deeper lines can offset the delicate finer 
lines used in the design. A small O in the stencil 
set may be brought into use; it makes a pleasing 
design, as does also an M, L, or W. These stencils 
in the ^-inch diameter may be used, altho they 
may look incongruous when reversed. In no way, 
by using these letters reversed or connecting, does 
this affect the judgment of the real amateur; it 


forms a contrast to a set rule by applying some¬ 
thing original. 

The Use of Matting Tools, Etc. — Matted sur¬ 
faces were used in Chapter XIII in carrying out 
certain border designs, following the checkering, 
and using a matted surface in place of checkering. 
Now' we shall continue with the matted surface on 
parts of steel, mostly where the line of sights ex¬ 
tends, as on forward and rear of receiver, rear sight 
base, sight leaves, ramp, etc. Making all these 





HARD RUBBER DAMASKEEN LAP 



BOR D E R 



LINE 


BOR D E R 



MATTING 

Fig. 139 

Matting tools. Damaskeen lap for frosted effect. On steel or other metals 
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tools is only a matter of forging the ends and filing 
them up. Figure 139 illustrates the different tools 
required. Matting tools are more frequently used 
than any other, and it is surprizing to see what 
a pleasing effect they produce, particularly on a 
ramp’s incline. On a matted surface a border 
is essential, for carrying mailing out lo the edge 
ruins all artistic effect. This particular form of 
decoration may be done with a center punch, 
dental burr, or fine prick-punch, if you have 
the patience to carry a certain given proportion 
over such a surface. Matting is only a series 
of delicate points in which the surface of the steel 
is covered across and across in many directions 
until the surface of the steel becomes cut up all 
over and a dull appearance is produced with a 
minutety dotted surface. Whether this is done by a 
prick-punch, dental burr, or matting tool, or as a 
whole or piecemeal as the work progresses, the prin¬ 
ciple remains the same; good work can be done 
in all three ways, but a standard matting tool gives 
the finest results. The finer the lines in the tool, 
the finer the matted surface will be. 

Take, for example, the front-sight ramp, which 
must have a matted surface to dull the surface of 
the incline base and obviate the glare retlected 
on the sight if there should be a highly polished 
blued surface. If you did not intend to matt this 
part, it would have been much better to construct 
some other form of sight base than the long ramp. 
Those without fine checkering are out of place, 
and the eye tells you that there is something greatly 
lacking even tho your brain does not register the 
difference. First, take the border tool; if you have 
already completed this, it gives a line inside the 
edge of Yj k inch. Rest the side against the outer 
edge, gently tap the tool with a light hammer, and 
each time you make a tap, move the tool about the 
width of the impression made. Continue thus on 
both sides until you have a sharp and well defined 
line from top to bottom. Now, bring the fine mat¬ 
ting tool into use. By holding this between the 
thumb and index finger of the left hand and resting 
the nail of the little finger on the metal, or on a 
convenient section of the barrel, raise the tool off 
the metal about % inch and give the malting 
tool light, sharp, repeated blows. The short dis¬ 
tance the tool is held away from the work, with 
the spring of the little finger, causes an effect 
similar to that of an air or pneumatic hammer. 
Never hold the tool in one spot., but keep moving 
in a new location each time a light blow is struck 
until the surface is well darkened between the 
borders. 

This, at least, is the orthodox method of doing 
such work. Some men. no doubt, will avoid part of 


the labor by employing a center punch (which can 
be used) and only roughening the surface with a 
number of marks some of which are deep and some 
shallow. To begin right in those areas where mat¬ 
ting should be necessary, you will be working from 
dark to light, instead of from light to dark. In 
other words, you can make the surface look ten 
times worse than the metal did when it was plain. 

When mailing the top of a receiver, it is neces¬ 
sary to have a width of matting between % and % 
inch on the forward part next to the barrel. A 
border must be set around this in order to make a 
completely matted appearance. There are three 
methods of doing this; one with a bent knife-edge 
file, the other with a graver or a sharp diamond- 
point engraver’s chisel. It will be best for the 
student to bend up a knife-edge file rather than 
try a graver or an engraver’s chisel. The bridge or 
rear part of the receiver is done in the same manner, 
except that the matted surface is very narrow. 

Whenever it is possible to use the border tool on 
sight bases, ribs, etc., it offers a positive means of 
constructing a straight, even line the full length of 
a given distance, and the work can be done much 
better than by any other means. When a checkered 
or matted surface is worked in between, the design 
balances and has the appearance of a well finished 
job. All steel will take an impression and have 
the dark color, provided your tools are made fine 
and sharp and you move over the surface of the 
steel in various directions, and turn at the same 
time each blow is hit by the hammer; also if your 
blows are all given the same pressure, which should 
not vary over a quarter of a pound. 

The wider tools are made for shotgun ribs. These 
have a side rest and a space which will clear the 
border. The width can be made to suit the rib, 
and the lines 30 degrees or straight across. When 
making the 30-degree tools it is necessary to make 
two; one right and one a left hand. With two tools 
it is possible to construct a very fine checkering 
job the full length of the rib or on any other form 
of sight base. You can also make one with the 
lines straight across, as illustrated in Figure 139. 
It will benefit you to make the complete set, for 
yuu never know when you will have occasion to use 
any one of them. These straight tools give a pecul¬ 
iar beauty to the steel, yielding a wonderful velvety 
richness in the design, provided they are cut very 
fine. When you examine such a surface under the 
magnifying glass you will find a burr and a groove, 
the burr being the ridge thrown up by the passage 
of the tool over the steel. Shotgun ribs must be 
perfectly straight across to do this kind of work, 
and it must be done before they are set on the 
barrel. If an upper rib is being considered, this 
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Fig. HO 

Fine examples of etching or engraving to work from 


may be done off the barrels. W hen you place such 
a surface on a rib it springs and curls up, owing 
to the stretch of the metal. It is then necessary to 
straighten this; this method will be described in 
Chapter XXV, Vol. II. 

The student will rind a great variety of work to 
be done with all these tools described, not onlv on 
parts of guns, but for decorative purposes on any 
metal surface. All these described applications of 


the tools may be used by the art student on many 
subjects, particularly the matting tools. The stu¬ 
dent may find greater use for this in his particular 
line, especially the worker in copper, gold, silver, or 
steel. 

Damaskeening— I he high circular polished 
rings we often see on frames and wheels of fine 
watches are called “Damaskeen.* which means the 
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inlay of metals. This finish has the appearance of 
such an effect when carried out In a direct or cir¬ 
cular line, each and every' ring joining one another. 
It is produced with a hard rubber circular lap made 
as Figure 139 shows. Hard fiber can also be used, 
but hard rubber gives superior results. A drill 
press is required for this operation and is run at 
medium speed. Flour or optical emery mixed with 
olive oil to a paste is used as an abrasive. If you 
are working on a flat surface, a light film of this is 
spread upon the surface, and the work is set against 
a stop so that it is possible to keep a straight line 
and also have each circle connect with the next. On 
the following line, the stop is moved over just so 
the circle tills up the space between the place where 
the two connect. By not wiping the film of heavy 
paste from the surface, it is an easy matter to set 
the lap between these and carry out perfectly 
straight and connecting circles the full length of 
the surface. Each time the work is moved, the 
handle of the drill press is raised and brought down. 
Very little pressure on the handle is required to 
produce a fine, finished circle. Too much pressure 
wears the face of the lap too fast, the outer edge 
becomes rounded, and the complete circle of the 
lap is not reproduced upon the flat surface. Small 
parts should be held in a vise and a stop set in a 
convenient place so that it will move with freedom. 
Different-sized laps should be used, varying with 
the size of the work; a small lap for small parts and 
a large one for larger work. 

A polished bolt requires such a finish because it 
relieves the plain appearance of the polished surface 
and gives the metal a frosted effect. When apply¬ 
ing this finish to such a part, cover the surface 
with the fine emery paste and hold the bolt in both 
hands, moving it in various directions against the 
face of the lap, lengthwise, a motion which will se¬ 
cure a better appearance of the finish. Around the 
handle and knob, different effects can be produced. 
When considerable care and patience is shown, a 
part comes out with a beautiful finish. The maga¬ 
zine follower or platform can be given round con¬ 
necting circles so that the two parts will match. 

Objections are sometimes raised to any polished 
surface on a firearm, based on the idea that the 
bright surface reflects light which can be detected 
by an animal at a great distance. For the man who 
only uses a rifle one or two weeks in the year and 
only in our deer country, this finish is not objec¬ 
tionable. But if the arm is going into Africa, it 
will be advisable to have the bolt blued. Many 
men are under the impression that this frosted ap¬ 
pearance will show up when a part is blued, but it 
will not, for bluing removes this effect completely. 

The inside working parts of all shotguns should 


be given this appearance. It not only looks beau¬ 
tiful. but it is an effect which has more or less of 
a rust-resisting quality, due to the action of the 
abrasive and oil on the steel and the subsequent 
polish. Observe the difference upon disassembling 
a shotgun when some of the parts are damaskeened 
and some plainly polished. Those parts which did 
not have the finish are rather rusted in spots, 
whereas, the parts with the frosted effect are free 
from any suggestion of rust. 


Engraved Receivers — There are many receiv¬ 
ers which must be completely annealed before any 
engraving can be done, such as on the Krag, 
Springfield with numbers below 800,000, Enfield, 
shotgun actions, etc. The Mauser and the new 
Springfield actions have only a very light case- 
hardening on the surface, and it is easy to work 
under this scale without annealing. When en¬ 
graving is to be done on a hardened action, it 
should be completely annealed, then engraved and 
re-pack-hardened. If you are not equipped to 
carry out such work, it is better to send the action 
to a firm well equipped to do it. Of course, elab¬ 
orate and precise engraving is beyond the ability 
of the amateur, and if a perfect job in every de¬ 
tail is desired, such work should be sent to a man 
who makes a specialty of it, such as Mr. Kornbrath. 

The question has often been asked, “Does it 
matter if numbers are removed from a Spring- 
field receiver?” No, of course not, provided the 
action is not given a very hard case-hardened 
treatment by leaving the part too long in the pack¬ 
hardening material (this fault is caused by the 
manufacturer). When a mill file will not pick up 
the metal as you touch the surface, or even make 
an impression on any part, it is better to place 
such an action in an oil bath heated from 500 to 


550 degrees Fahrenheit, for thirty minutes, to re¬ 
move the brittleness, even tho you do not wish 
to remove the numbers or even engrave the action. 
When you remove the numbers from a Springfield 
receiver you take off a little more than %•> inch of 
metal, provided you can file this off and not grind 
it; you do not realize how much metal is removed 
by such an operation, and on a brittle receiver this 
weakens it to such an extent that you may have a 
blown-up rifle, as I have often seen happen after 
such carelessness. 


Whenever it is possible to remove the name 
and number from an action, always replace the 
numbers on the side with ^e-inch or % 2 -™ch 
stencils, which will enable any one checking up 
the numbers to recognize the fact that this can 
be referred to and checked at any time with the 
records at the arsenal. A Springfield receiver is 
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Fig. 141 

Shotgun action engraved In high relief. Such scroll designs can often be used in etching 


the only part of a rifle that is not expendable. All 
other parts arc expendable, which is a government 
regulation. 

The stamp and numbers of the U. S. Springfield 
armory Model 1903 are not disgraceful or un¬ 
sightly; rather is it an honor to own a rifle with 
such a stamp, as it means that you have the test 
in firearms. On the other hand, when one wishes 
a finely engraved rifle, there is no harm in remov¬ 
ing them and only placing U. S. SPR'FLD No.- 

on the side with small letters and figures, providing 
everything is followed out as described. 

The student will find this art as fascinating as 
checkering and carving in wood; and here the same 
quality, patience, is essential; if the beginner is 
without it, it must be acquired. This may apply 
almost equally to every art. One must be pre¬ 
pared to spoil sample after sample before such 
work can be adequately applied to any firearm. 
After spoiling different experimental pieces, do not 
give up in disgust, but continue with bulldog de¬ 
termination, working at it in the privacy of your 
own shop until you have made a success of it; 
then call others in to view and criticise your efforts, 
and accept such criticism with an open mind, thus 
making it constructive. 

One must never be afraid of making mistakes 
and never give up because of them. The efforts 


applied to sample or even old arms will be worth 
while. If you think you have something definite 
to say when you arc constructing a figure on an 
etching design, having probably been inspired by 
some good work done by others, then by all means 
go ahead and try your hand at bettering that work; 
only go at it boldly, and having made a mess of 
one old gun, start making a mess of another, or 
even a third. 

Altho verbal advice from a master will save many 
blunders and disappointments at the outset, it is 
quite possible to learn what is essential from any 
text-book. I know this from past experience, and 
altho it takes longer, what you teach yourself, gen¬ 
erally (through mistakes) sticks in a way that no 
second-hand knowledge can—even that gained from 
a teacher. Our mistakes save us from making 
those same mistakes again. 

No one, therefore, need begin any of this work 
who finds it impossible to make up his mind as to 
what has to be done before beginning to do it. 
This may seem absurd, but after all, it is one of 
the most common failings. How many know what 
they really want to do? Now, in gun work, one 
may fumble away for months on one gun and yet 
arrive at something without necessarily showing 
the traces of one's many tentative efforts. This at 
least is a common enough practise. 
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CHAPTER XXm 


Stripping Actions, Oiling, and Minor Repairs 


I N SPITE of the many arms I have handled in my 
years of experience as a gunmaker, I must 
frankly admit that I could not tell you offhand the 
methods I have used to disassemble, repair, clean, 
and oil the firearms I have worked upon, even tho 
only three months had elapsed since that time. 
There are certain fundamentals you learn in me¬ 
chanics that are difficult to explain. Through 
constant application of these principles they be¬ 
come a habit, and you no longer analyze just why 
you do a certain thing. The person who has grown 
up in the environment of some particular branch 
of mechanics may have played around as a child 
in the shavings of his father's workshop, and 
through this association he may gradually have 
learned to have perfect control of every' tool in 
that particular line of work so that his mind and 
hands work in harmony. 

I can only give instructions which will enable a 
student in gun work to apply good judgment when 
taking apart a firearm. Of course, it will be clearly 
understood that you must solve a great many of 
your own problems when disassembling a firearm 
and putting it together again. The greatest trouble 
is not to disassemble, but to reassemble some guns, 
for you often forget just how they came apart, 
especially when you have set them aside for a 
week or so. 

Bolt-action Rifles — While we are on the sub¬ 
ject of assembling and disassembling a firearm, 
it will be well for the beginner to practise on a 
Springfield service rifle, as there are more of these 
arms in the hands of American gun lovers than 
any other bolt-action arm. If one should practise 
taking one of these arms apart and then assem¬ 
bling it again, one will place greater confidence 
in his ability to go ahead and attempt the simple 
dismounting of other arms which he may acquire 
or already possesses. To begin disassembling the 
Springfield we shall start to dismount the maga¬ 
zine mechanism. With the bullet end of a car¬ 
tridge or a tool shaped like the end of a bullet, 
press on the floor-plate catch (through the holes 
in the rear of the floor plate), at the same time 
drawing the tool or bullet to the rear; this releases 
the floor plate. 


Raise the rear end of the first limb of the maga¬ 
zine spring high enough to clear the lug on the 
floor plate and draw it out of its mortise; proceed 
in the same manner to remove the follower. 

To assemble magazine spring and follower to 
floor plate, reverse operations of dismounting. In¬ 
sert the follower and magazine spring in the maga¬ 
zine, place the tenon on the front end of the floor 
plate in its recess in the magazine; then place the 
lug on the rear end of the floor plate in its slot in 
the guard and press the rear end of the floor plate 
forward and inward, at the same time forcing the 
floor plate in its seat in the guard. The Mauser 
military arm is handled in a similar manner. 

After taking the bolt and magazine mechanism 
out of the action, to dismount the rifle completely, 
proceed as follows: 

(a) Turn safety lock to dismounting bevel on sleeve and 
remove it by striking the thumb piece a light blow. 

(b) To dismount the sleeve lock, drive out slccve-lock 
pin from the top and remove lock and spring, care being 
taken not to lose the spring. 

(c) Remove front-sight pin and remove front sight. 

(d) Press in rear end of lower-band spring and drive 
forward the lower band by a few sharp blows on the lug 
and then on top with a hardwood block. 

(e) Remove upper band screw and drive upper band 
forward in the same manner prescribed for the lower band. 

(f) Move upper band forward on barrel until stopped by 
movable stud, and then remove lower band by slipping it 
over upper band and movable stud. To remove upper 
band entirely from barrel requires the removal of the 
front-sight screw and movable stud. 

(g) Draw hand-guard forward until free from the fixed 
base and remove. 

(h) Remove guard screws and guard. It may be nec¬ 
essary to tap gently on the front and rear of the guard 
bow to loosen. 

(i) Remove barrel and receiver from stock. 

(j) To remove the lower band spring, drive its spindle 
out of its hole in the stock from the left. 

(k) Unscrew the butt-swivel screws and remove the 
butt-swivel plate from stock. The butt swivel, consisting 
of the plate, swivel, and pin permanently assembled, is 
issued complete. 

(l) Unscrew butt-plate screws and remove butt plate 
from stock. 

(m) Unscrew butt-plate spring screw and remove the 
butt-plate spring. Drive out butt-plate pin and remove 
butt-plate cap. 

(n) Remove cut-off by loosening the screw in the end 
of the thumb piece until it disengages the groove in the 
cut-off spindle; insert the blade of a screw-driver in the 
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notch in the rear end of the spindle and force it out. 
Remove the spring and plunger, being careful not to lose 
them. 

(o) Remove the ejector by driving out the ejector pin 
from the upper side. 

(p) Remove sear and trigger by driving out the sear 
pin from the right, care being taken not to lose the sear 
spring. 

(q) Remove trigger from scar by driving out the trigger 
pin from either side. 

(r) Remove bolt stop by inserting a small punch or end 
of striker in the hole in the left end and forcing it from 
its pocket. 

The leaf should never be removed from the mov¬ 
able base except for the purpose of making repairs. 

The fixed base and the fixed-base stud should 
never be removed from the barrel except for re¬ 
stocking purposes. This also applies to the barrel, 
which should never be unscrewed from the receiver 
except when one has the proper tools. 

To assemble after dismounting, reverse and 
follow in inverse order of dismounting. 

In assembling the sleeve lock to the sleeve, be 
careful to compress the lock and spring while 
driving in the pin from the bottom of the sleeve. 

To assemble the safety lock and sleeve, insert 
the safety-lock spindle in its hole in the sleeve as 
far as it will go; then with the thumb piece held 
vertically, press against some rigid object. Intro¬ 
duce the point of a scriber or small punch ground 
for this purpose between the safety-lock spindle 
and safety-lock plunger, forcing the latter into the 
thumb piece until it slips over the edge of the 
sleeve. Further pressure on the safety-lock thumb 
piece, together with the gradual withdrawal of the 
scribcr or tool, will complete the assembling. 

In assembling pins and screws, note the way in 
which they come out, and place them in a dish or 
discarded face-cream jar. 

The floor-plate spring and cut-off spring are 
alike except in length, the latter being lunger. 
Care should be taken not to substitute one for the 
other. 

The parts which are more or less liable to require 
repairs on the service Springfield rifle are as 
follows: 

(a) Bolt stop: worn by continual contact with the bolt. 

(b) Corking piece: nose worn from neglect to keep it 
well lubricated. 

(c:) Lower band swivel and screw': screw, if not riveted 
in place, works loose and with swivel is often lost. 

(d) Safety lock: thumb piece often knocked off by a 
blow. 

(e) Stacking swivel and screw: screw, if not riveted in 
place, works loose and with swivel is lost. 

(f) Striker: point burned by defective cartridges or 
broken by snapping on empty chamber. 

(g) Front and rear guard-screws coming loose: keeper 
screws should be placed on the sides of these, particularly 


when you find them working loose often. The method in 
which a keeper screw is placed alongside or the large screw 
is as follows: a tap drill is used to drill a hole just so far 
from the head that when this is counterbored the head ol 
the keeper screw will engage part of the fillister head on 
the ’arge screw and hold it in place. 

The question is often asked: “What are the 
injuries which do not render the parts unservice¬ 
able on the Springfield rifle, or how can the rifle 
be used when certain parts break ?” To such a 
question the following answers are given: 

Bolt —The entire flange at front end may be broken off 
except a small portion on the opposite side from the 
extractor honk, which is required to hold, in connection 
with the extractor hook, the empty case while it is being 
drawn to the rear for ejection. 

Cocking Piece— Moderate wearing of nose. The nose 
will wear until raising and lowering the bolt handle fails 
to cock the piece. 

Extractor —Moderate wear or break on edge of hook. 

The parts not essential, or only so to a degree, 
are the ejector, safety lock, cut-off, bolt stop, sleeve 
lock, floor plate, magazine spring, and follower. 

In the absence of the ejector, the empty cases 
drawn to the rear by the extractor can be removed 
from the receiver by the fingers. 

The safety lock is merely a precautionary device, 
and its absence docs not affect the usefulness of 
the arm. 

In absence of the cut-off, the arm can be loaded 
from the magazine, but the magazine cannot be 
held full in reserve; in single loading with the cut¬ 
off wanting and the magazine empty, the owner 
should load directly into the magazine, as other¬ 
wise the forward motion of the bolt will be stopped 
by coming in contact with the follower. In this 
case, care should be taken in drawing the bolt 
back not to draw it from the receiver. 

The absence of the bolt stop and sleeve lock docs 
not affect the usefulness of the arm. 

The absence of the floor plate, follower, and 
magazine spring only prevents the use of the maga¬ 
zine, but does not prohibit the use of the arm as a 
single loader. The owner of this rifle should know 
such facts and appreciate the instructions given; 
often these can be applied to other bolt-action 
arms. 

When the student is working on an arm, all 
such points as the movements of working mech¬ 
anism should be smooth and free. Take for illus¬ 
trations the Springfield, Mauser, Winchester, 
M/54, Remington 30, Enfield, etc. Due consid¬ 
eration must be given the bolts, as these should 
be worked in until there is not the least indication 
of any resistance. When the cocking piece is 
drawn back in the firing position and released, the 
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movement should be free, exerting its greatest 
striking force by the time it has reached the primer 
at the end of its travel. When raising the bolt 
and placing the cocking piece in the tiring position, 
it should rise with ease, without the least sign of 
any grinding sensation on the cocking cams. Trig¬ 
ger pulls must be worked over; they will be treated 
in another chapter. 

On all bolt-action rifles that have the central 
magazine directly under the boll with a follower 
bearing against it by a flat spring made in the 
form of the letter M, the bolt rides hard in the 
upper bolt-slide channel; this is caused by a rough 
surface left by the broach when it was pulled 
through, forcing these cut-outs the full length of 
the action where the bolt rides. Suitable pieces 
of wood must match to fit this channel, allowing 
enough room so that fine emery cloth can be glued 
to the sides. Then the channel must be polished 
so that all deep tool marks are removed. The fine 
French or Turkish emery paper is used on wooden 
holders until a high polish is produced. You will 
often find extractor collars on the bolts projecting 
over the bolt surface. This is a common fault 
with bolts where the collar has been removed. This 
collar is bent in position when manufactured and 
should not be removed unless proper tools are at 
hand to replace it. It is an easy matter to remove 
the high points with a fine file with the extractor 
in place. 

The follower must be polished to a very high 
finish and the rear ground off similar to the Mauser, 
which allows it to ride this down. Most military 
arms have a square end on the follower to lock the 
bolt open when the last cartridge is removed from 
the magazine, and the bolt is withdrawn with the 
fired case. The only part which bears against the 
bolt is the rib which serves to locate the cartridges 
in the magazine and guide the last cartridge in the 
chamber. Care must be given the rib so that when 
polishing the edge is not removed; but the top 
must be well rounded and polished, so it will allow 
the bolt to ride free over the surface. 

There are a number of stoning operations to per¬ 
form on the receiver and bolt, especially the bolt 
and sleeve. Having completed all the polishing of 
the receiver channel with a fine square oilstone, 
place a small radius on all sharp corners of the 
channel, particularly on the forward end of the 
bridge at the clip slots. Also stone the extracting 
cam surface on the left-hand side at the rear of 
the bridge. There is considerable stoning to be 
done on bolt cam and cocking-piece cam. The 
sleeve must be stoned on both sides of the channel 
where the cocking piece and sear notch ride. Radii 
must be stoned on the front and rear also. While 


the safety is removed, stone the safety-lock plunger 
groove in the recesses so that the plunger will ride 
free when moved in any position. The Enfield has 
one of the best types of safety; it is located on 
the receiver next to the bolt. The Mauser and 
Mannlicher are free of springs or plungers so these 
are free in action. 

Assuming that all stoning operations have been 
completed, the bolt is now ready to be lapped in. 
.Assemble all parts, and mix flour carborundum 
with olive oil until a thin paste is formed. Coat 
all working surfaces even to the threads on the 
sleeve which screws into the bolt. With the ten¬ 
sion of the magazine spring against the bolt, begin 
to work this back and forth the full length with 
3 'our fingers on the cocking piece. The lengthwise 
movement can be worked slow or fast and will 
establish a perfect bearing surface on the upper 
sides of the channel. This backward and forward 
movement may continue for some time. Then 
proceed with the locking motion of the bolt which 
begins to lap the faces of the cams and threads. 
It will require between one and two hours or even 
longer to do a really good job on some bolt-action 
rifles. When advanced to a point where you think 
everything is well worked in, remove the bolt and 
magazine, disassemble all parts, and wash these 
well in gasoline. Such an operation should, 
throughout the movement of the bolt in operation, 
give it freeness. An oily movement, when once 
realized, can never afterward be mistaken. Then 
by a regular pressure upon the bolt handle it is 
raised with freedom, even in rapid succession. The 
trigger should be released with a clean, brittle snap. 
Everything about it will be retained in your mem¬ 
ory. All other bolt-action arms wall have the same 
freedom of action. 

When it comes to disassembling a bolt-action 
rifle, the bolt is the hardest problem for most men, 
but very simple when once understood. The most 
difficult bolt of all is the Mannlicher; it is fairly 
simple with the exception of the rifle where the 
cocking piece screws on the firing-pin rod, but this 
is on the military model. On the standard sport¬ 
ing model, all that is necessary is to press the 
safety out of the notch and turn the rear section 
out with half a turn to disengage the cocking piece 
from the firing-pin rod. To carry out full details 
on all bolt mechanisms to be dismounted and 
assembled requires the same lengthy explanation 
as I am about to give for the Springfield M/1903 
rifle. I select this rifle as it is one of the most 
popular arms. When this is mastered all others 
will be simple. 

To Dismount a Bolt — Place the cut-off at the 
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center notch, cock the rifle and turn the safety lock 
to a vertical position; raise the bolt handle and 
withdraw the bolt from the receiver. Hold the 
bolt in the left hand, press in the sleeve lock with 
the thumb of the right hand to unlock the sleeve 
from the bolt, and then unscrew the sleeve by 
turning it to the left. 

Hold the sleeve between the index finger and 
thumb of the left hand, draw the cocking piece 
back with the middle finger and the thumb of the 
right hand, turn safety lock down to the left with 
the index finger of the right hand in order to allow 
the cocking piece to move forward in the sleeve, 
thus partially relieving the tension of the main 
spring. With the cocking piece against the breast, 
draw back the firing-pin sleeve with the index 
finger and the thumb of the right hand, and hold 
it in position while removing the striker with the 
left hand. Remove the firing-pin sleeve and main 
spring. Pull the firing pin out of sleeve, turn the 
extractor to the right, forcing its tongue out of its 
groove in the front of the bolt, and force the 
extractor forward and off the bolt. 

To Assemble Bolt — Grasp the rear of the bolt 
with the left hand and turn the extractor collar 
with the thumb and index finger of the right hand 
until its lug is on a lint* with the safety lug on 
the bolt. Take the extractor in the right hand 
and insert the lug on the collar in the undercuts 
in the extractor by pushing the extractor to the 
rear until its tongue comes in contact with the rim 
on the face of the bolt. (A slight pressure with 
the left thumb on top of the rear part of the 
extractor assists in this operation.) Turn the ex¬ 
tractor to the right until it is over the right lug. 
Take the bolt in the right hand and press the hook 
of the extractor against any piece of stationary 
wood or some other rigid object until the tongue 
on the extractor enters its groove in the bolt. 

With the safety lock turned down to the left 
to permit the firing pin to enter the sleeve as far 
as possible, assemble the sleeve and firing pin. 
Place the cocking piece against the breast and put 
on the main spring, firing pin, sleeve, and striker. 

Hold the cocking piece between the thumb and 
index finger of the left hand, and by pressing the 
striker point against some substance—not hard 
enough to injure the point—force the cocking piece 
back until the safety lock can be turned to the 
vertical position with the right hand. Insert the 
firing pin in the bolt, and screw up the sleeve 
(by turning it to the right) until the sleeve lock 
enters its notch on the bolt. 

See that the cut-off is at the center notch, and 
hold the rifle under the floor plate in palm and 


fingers of the left hand. If the rear end of the 
follower has not been ground on an angle, extend 
the thumb over the left side of the receiver. Take 
the bolt in the right hand, with the safety lock 
in a vertical position and the safety lug up. Press 
the rear end of the follower with the left thumb 
and push the bolt into the receiver. Lower the 
bolt handle and turn the safely lock and the cut-off 
to the correct position. 

While you are assembling a bolt, always place 
a few drops of gun oil on the working parts. Too 
much oil retards the free working of a bolt, so care 
must be used when applying this, particularly in 
a cold climate. 

It would be well for the student to collect cata¬ 
logs of all arms, as they generally contain useful 
information, particularly on the assembly and 
disassembly of the standard bolt actions. It would 
be a waste of time for me to continue with such 
information, as these are simple arms in construc¬ 
tion; and as Colonel Whelen has gone into the 
subject of lcver-action rifles in his book, The, 
American Rifle , T would only he rewriting the sub¬ 
ject from a different angle. Of course, a manual 
could be published fur the aid of the student, for 
a few general ideas would not be out of place, 
particularly on some of the obsolete models, and 
even some of standard manufacture. What these 
are we need not state. In referring thus to Amer¬ 
ican rifles or shotguns the criticism does not in¬ 
clude our better grades, but some of the misfits 
selling at a price far below that at which the 
manufacturer can make any profit. Still, they are 
often what the public wants and buys. But when 
these don't work, the purchaser wants the gun¬ 
smith to place between six and fourteen hours’ 
labor on such arms for a dollar and a half. Many 
foreign revolvers and automatic pistols come to 
the gunsmith’s shop for certain repairs where two 
or three small parts cost more than the original 
price of the arm, and the gunsmith has another 
reason for unfavorable comment. Tt is best to dis¬ 
regard these arms altogether, for it. is only nat¬ 
ural that in time you rebel against such products. 

Shotguns — This subject alone requires a lot of 
instruction, for there are many different kinds and 
makes, ranging from our cheap American guns to 
the best of British manufacture. The first con¬ 
sideration when working on shotguns is the neces¬ 
sary screw-drivers for different shotgun actions, so 
that the heads of screws will not be marred by 
using tools bought in a corner hardware store. The 
student will often be called upon to clean and 
make minor adjustments on various shotgun 
actions, and the question often confronts him as 
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to how to disassemble the gun and get to the locks 
and the other parts of the mechanism which make 
up a shotgun. 

Many beginners look upon the mechanism of a 
shotgun as a mystery beyond their range of me¬ 
chanics. No doubt a good many gunsmiths do, 
too. Often a good-grade double gun only needs 
a thorough cleaning and oiling, and this operation 
can be done by any gun owner with a few sug¬ 
gestions, providing he secures some of the neces¬ 
sary tools. Do not try to remove all screws in 
sight or try to drive out all pins, either. There 
are generally two screws which hold in place the 
guard, which must always be removed; and under 
that are the rear tang and trigger-plate screw. On 
the tang underneath the top lever is the large trig¬ 
ger-plate screw, which can be removed by pressing 
the lever to the right. Then either one or two 
screws hold the bottom plate; one always holds the 
trigger plate to the action. By removing this 
trigger plate it is possible to remove the stock. 
This rule is flexible and cannot always be followed, 
since actions are made differently. On some it is 
necessary to remove the sear pin before the stock 
can be removed from the action. 

On an L. C. Smith double you must always 
remove the screw in the trigger plate where the 
spindle of the top lever is fastened, and when this 
snaps out of the trigger plate, it is generally very 
difficult to place it back again in the plate when 
reassembling the gun. This gun has a safety lever 
rod also which is not engaged to the action but 
only lies in a groove in the stock under the tang; 
in most cases this drops out, and it requires a 
considerable amount of time to discover where this 
slips into place, either in the action or the trigger 
plate. 

When removing the mechanism from the shot¬ 
gun the beginner should work slowly and care¬ 
fully, and by all means think before removing a 
screw. Your screw-drivers should fit and be 
pressed well into the screw slot—not only one 
screw notch, but every screw—to prevent damage 
to the head in any way. If you contemplate the 
slightest danger of getting the parts mixed, by all 
means draw a sketch on paper, lay this on the 
bench, and place each screw or pin at the marked 
place on the paper. Naturally, there will be no 
need for such precautions after a few shotguns 
arc disassembled and reassembled, but such a 
necessity may exist at the very beginning. 

The beginner should form the habit of collect¬ 
ing small shallow jars such as cold cream comes in. 
The shallow ones may be used for screws, or a 
number may be used for an arm that is disassem¬ 
bled. Cards or slips of paper can be used to de¬ 


scribe just where the parts have been taken from. 
When once this habit is formed, one will have little 
trouble losing small parts by having them roll 
from the bench to the floor. 

The following instructions and suggestions gen¬ 
erally refer to modern double guns much as the 
Anson and Deeley action. The main springs are 
the hardest parts to remove and assemble, so my 
advice for the amateur is to let these alone, pro¬ 
viding there is nothing seriously wrong. All other 
work is simple enough when a fair understanding 
of the principles of the working parts is attained. 

When a man brings a shotgun to the average 
gunsmith he usually wipes the old oil and dirt 
from the parts with a rag, looks the parts over, 
then puts on fresh oil—more than likely merely 
some light motor oil or vaseline—and then puts 
the gun together again, leaving indications of the 
grease or oil around the locks and where the stock 
joins the action. The owner, no doubt, has an idea 
that a fine oiling job has been done. This is a 
very poor way of doing such jobs, for a portion 
of the old gummy oil and dirt will be left to com¬ 
bine with the new, and in a short time the locks 
will be as bad as before. Every part of a shotgun 
action should be thoroughly cleaned in gasoline, 
allowing the action to soak for at least fifteen 
minutes; then, with a small round stiff brush, get 
into all corners while the action is still wet with 
the gasoline. Wipe and dry thoroughly before 
any gun oil is used. Chapter XXV gives the 
proper method of preparing the oil for actions, and 
it is the most reliable method for any firearm. 
Before any parts are assembled they should be 
completely polished to a high finish. 

One of the best receptacles to hold gasoline is 
a covered iron kettle which will hold a gallon. This 
should be placed in a location where there will be 
no danger if fire breaks out. 

The cheaper arms should have the parts case- 
hardened and then repolished. The springs on 
such arms are always rough, and a considerable 
amount of work must be done before they arc 
placed back in the action. In fact, you will find 
enough work to occupy the best part of a day. In 
many instances you will find arms which have been 
long neglected, where water has gotten into the 
working parts and rusted them very badly. Tf 
the arms have been near salt water, the dirt and 
rust will combine so badly that a lot of work is 
necessary. In such cases the parts should be 
soaked in a bath of kerosene for half an hour, 
which will help to dissolve the rust and dirt. Care 
must be taken that you do not polish too much 
metal off the working parts (such as the locking 
lugs), and cause the gun to become loose. 
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When oiling a shotgun, or, in fact, any firearm, 
only enough oil should be applied to lubricate the 
parts. There is much more danger in applying 
too much oil than too little. It is always best to 
purchase one of those very small oil cans from 
which only a drop appears when you press on the 
bottom of the can. Then, with a camels-hair 
brush or a toothpick, work this well over the pol¬ 
ished surface of the parts. The best kind of oil 
to use on all finely made arms is “watchmaker’s 
oil.” This is rather expensive—a single small bot¬ 
tle costs 25 cents; however, this amount of oil will 
take care of a good many firearms, providing you 
apply it properly. The cost is really not entitled 
to consideration because the oil is so decidedly 
superior to any other. 

Be very careful not to handle the polished parts 
of gun locks with sweaty hands or allow these to 
lie about for a day or so before any oil is applied. 
It is always a good idea, when any parts are given 
a light polish, to have a cloth well moistened with 
gun oil and give these parts a good rubbing over. 
A jar holding an oily cloth should always be at 
hand for such purposes. Keep it covered so that 
no dust or dirt can collect on the cloth to cause 
scratches on some of the finely finished arms. It 
should be used freely upon any arms which are 
handled by different persons, for some have more 
acid in their perspiration than others, a feature 
which causes rust to appear very quickly and which 
can never be removed by simple methods. Very 
few men realize how much damage perspiration 
causes on a polished surface, particularly in the 
summer time, when this condition is at its worst. 
Very few students are inclined to take this pre¬ 
caution, but it is worthy of consideration if you 
are to be ranked among the best workman. Hand¬ 
ling the parts with naked fingers is very likely to 
leave them in a condition that will eventually cause 
them to rust. 

Xow, to assemble the locks, particularly when 
the tumblers have been removed and where flat 
springs have been used. Follow previous instruc¬ 
tions by placing all parts in the order in which 
they have been removed. As most fiat springs 
have an extension on the end which engages the 
tumblers, many amateurs want to place them in 
the opposite way. On a number of guns this can 
be done, but when you want to cock the arm, 
strange to say, it does not work. 

To assemble tumblers with fiat springs is an 
easy matter in the padded vise, providing you have 
cut suitable blocks of wood to fit properly against 
the tumbler to compress the spring evenly in order 
to engage the pins or screws. A simple way to 
assemble these if you have either a small arbor 


press or a drill press, is to compress the spring by 
placing suitable wooden blocks over the tumblers 
and exerting pressure on the spindle or ram until 
the pin engages the tumbler hole. As a rule, when 
an amateur removes tumblers and springs from a 
shotgun, he looks upon this assembly as a hopeless 
case; I generally have a number of such arms 
shipped to me in the course of a year with all the 
parts in a box, and frequently some parts are 
missing. Some alibis I hear are rather amusing, 
while others tell the truth. The old expression of 
how they collected the parts in a bushel basket is 
not far-fetched, altho I have never had them 
brought in to me in so large a basket. At one 
time, however, one arrived in a regular market 
basket; a market basket holds half a bushel, so we 
can consider the expression well founded with half 
its value. 

Some shotguns such as the Ithaca, Parker, Fox, 
etc., have coil springs, and these are more difficult 
to assemble than the fiat type of spring. Some 
have so much compression that I find the best 
method is to assemble such actions on the drill 
press, using the spindle as a ram. In assembling 
the action to the stock, care must be used in order 
to center the safety in the catch on the tang. When 
the trigger plate is set in place on the Parker, the 
safety lever is imbedded in the stock, and it is an 
easy matter to enter this by using a pair of 
tweezers, catching it on the under side and work¬ 
ing it back and forth until the end enters the 
square notch in the under side of the thumb piece. 

The majority of shotguns are simple to assemble, 
except those on which it is necessary to place the 
sears in position after the action is set in the 
stock. It is necessary to do this on the Parker, 
for on this gun the sear spring is in one piece sit¬ 
ting in a cut-out in the action. All that is neces¬ 
sary is first to press the sear down with the thumb 
until the pin enters, drive the pin through until 
it enters the other sear, and drive the pin in flush 
with the frame; then the trigger is ready to be 
assembled, together with the trigger guard. See 
that all screws are placed in position in the same 
manner they were removed and not pulled up any 
tighter than they were when taken out. On some 
shotguns the end of the sear which engages the 
triggers is turned too close, so that any additional 
tightening on the screws changes the trigger pull 
and sometimes will not allow the sears to engage 
the tumbler notch and may make the gun unsafe 
for use. At times this condition is so sensitive 
that when you fire one barrel the other jars off 
from the recoil, causing what is called a “double/’ 
which is not so pleasant to the shooter. 

After placing the screws in position and before 
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the trigger guard is screwed in place, inspect the 
trigger for this fault. As you touch the trigger 
with your index finger there should be a slight 
amount of play between the trigger and the sear; 
not enough so that there is a movement of % inch 
before it touches the sears, but only a little free¬ 
dom between the two, say the thickness of a piece 
of paper. When you find these tight, or without 
play, remove the sears and file a small amount off 
the engaging off-set; then repolish the end. In 
other instances it requires the bending of the sear; 
this can be done providing it is soft half-way up 
to the end which engages the tumbler. A slight 
tap with a hammer and piece of copper is usually 
sufficient to bend them the required amount. The 
sear must be held in the vise in such a manner 
chat you can measure or detect the amount the 
end moved, for it usually requires only a very 
small amount of bend to have the correct amount 
of play. At times you may have to assemble and 
disassemble two or three times until this condi¬ 
tion is correct. 

Single Triggers — The amateur should never 
attempt to do any work on single triggers unless 
he has had some mechanical training which will 
enable him to understand their working principles. 
I find that the most common defect is that the 
sear pressure is too great and does not allow them 
to function properly. The timing of the sears and 
tumblers on the single-trigger mechanism must be 
just so or you will find that one can be pulled off 
very easily and the other will not pull off, or vice 
versa. The simplest and best is the Lang: this 
any student can take apart and assemble with ease. 
The L. C. Smith or Hunter single trigger, together 
with the Miller, are rather complicated. 

On the American arms and also some of British 
manufacture the greatest trouble is generally 
caused by single triggers installed in arms which 
have been changed from a double-trigger gun to a 
single-trigger. Such arms when sent to the manu¬ 
facturer to have single triggers installed function 
perfectly at the factory. But after they have seen 
some service, they fall out of adjustment, fre¬ 
quently from a weakened stock or the changing of 
the wood in some manner. Tt. is inadvisable to 
have single triggers installed in an old gun. The 
owner generally has more or less trouble from the 
time these are installed until he puts it away, 
disgusted. 

Every shotgun having a delicate single trigger 
should be gone over once a year at least. If you 
own such an arm. oil it after each hunting season 


to make sure that no water has penetrated into the 
working parts and caused them to rust. Then the 
gun may be put into the gun cabinet and you will 
know' that everything is perfect for the following 
season. 

Automatic Ejectors — As a rule these are very 
simple, especially those in American arms, and 
most of them are made with coil springs. Nearly 
all British and German types have flat springs 
which are made very carefully. T find that these 
seldom get out of order, and if they do, the sears 
need stoning so they will not be too sensitive. The 
flat springs are made very heavy in foreign arms, 
and they require a spring vise to disassemble them 
correctly. These and the forearm catch come 
under the same heading, as they are attached to the 
fore-end. 

You generally find more trouble with the fore¬ 
end catch than you do with the ejectors, due 
to the notch being worn, or the fore-end not be¬ 
ing deep enough in the stock and causing the 
forc-cnd to become loose. The fastening rod may 
be bent, and not allow the iron to bear against 
the radius on the action; the result is that you can 
feel a slight movement. Examine the forc-cnd to 
see if it has broken loose from the rib, for at times 
this happens and the owner is unaware of it. If 
such a condition exists, the rib must be sweated 
hack in again and the finger fitted into the notch. 
Often the locking lever is too short; therefore, it 
must be lengthened so that the proper snap is given 
when it is set in place. 

The student who is capable of becoming pro¬ 
ficient in the art of gun work will require no spe¬ 
cial rules when assembling or disassembling a fire¬ 
arm. He will also be able to pass judgment upon 
the different makes of firearms, and he will readily 
distinguish the better grades. He will also know 
that a firearm fully finished in every particular is 
far better than one partly finished, the inside left 
rough, and all parts still showing heavy tool marks. 
Prompted by such consideration, he will seek the 
better arms and demand them. 

You will find that it pays to know your gun and 
to apply the proper care. Year in and year out, it 
pays. Some arms are more complicated than 
others, but if you treat them all as delicate pieces 
of mechanism you will be working on sound prin¬ 
ciples. There is iust one more warning I must 
give, and that is the undue snapping of a firearm 
without snap caps in the chamber. This is per¬ 
fectly all right for some bolt-action rifles, but on 
shotguns and single-shot arms—never! 
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G OOD shooting is an art which requires the 
study not only of rifles but of ammunition as 
well. One can never expect to acquire perfection 
if he does not have some natural talent or capacity 
to grasp the fundamental and invisible operations of 
the arm he is using. Any man with a fair under¬ 
standing of mechanics is capable of employing his 
best judgment in the use of tools and can become 
a passable mechanic, but without this peculiar 
natural inclination, which no one can clearly de¬ 
fine, it is impossible for that person ever to excel 
as an expert. No matter where you go. you will 
find some men better fitted than others to solve 
problems pertaining to mechanics. I found in my 
past experience at the Arsenal in the small-arms 
tool department that there were very few men who 
could carry out the more exacting work on tools 
and gauges. These men were born mechanics, and 
the same inherent ability will be found in all lines 
of work, even in the higher professions. Craftsmen 
like these are not made but born. It is not often 
we meet with such men, for they are as scarce as 
true painters and true poets. When one does meet 
with such a man, one recognizes his ability almost 
immediately. I believe there is some peculiar bal¬ 
ance in his makeup or organization; it is folly to 
envy such a person, and it is not worth while to 
brood over the question if such a peculiar balance 
did not fall to your lot. If you should wish to 
succeed, try a little patient study of your own 
shortcomings; apply determination, and practise 
on one subject until you arrive at perfection. Prac¬ 
tise will at least bring you up to average, and that 
will leave no reasonable cause for complaint. 

Every man who uses a firearm at all feels an 
ambition to use it skilfully. So when the average 
person, or even the expert rifleman, finds himself 
falling short of making good scores, he will often 
carry his difficulties to a gunsmith, but in a great 
many instances he can solve the problem himself. 

Your best experience will come from shooting, 
however, and this part of the subject must not be 
brought down to the mere discharging of a firearm. 
The afterthoughts for the cause of this or that will 
release the priming charge, so to speak, and open 
up hidden or dormant mechanical ability. Testing 
a new rifle is like trying out a new car. There are 


many minor adjustments to make. A new factory 
arm does not require as many as a custom-made 
arm, but to the crank there are a hundred and one 
obvious faults that must be corrected. A second¬ 
hand arm or an arm which has seen better days 
may perform a little better if the muzzle is 
remedied. 

Removing a Muzzle — Recause the muzzle of 
the .22-caliber barrel is particularly exposed to 
atmospheric conditions it is more susceptible to 
rust. Likewise, humidity has less action on the 
balance of the barrel, and consequently it is less 
troubled with that problem; that is, of course, 
unless the spots have spread until they encircle the 
entire barrel. In the event of the former situation, 
this difficulty can be remedied by cutting off the 
end of the muzzle about one-half or one inch. Very 
often this rejuvenates the gun, for the bullet then 
has its original perfect delivery at the muzzle, and 
accuracy results. 

For the best results, the barrel should be cut off 
by means of a lathe, but the muzzle end can be, 
if necessary, removed with a hack-saw and then 
filed square. This process has been described in 
Chapter i, but you can advance still further, and 
do a much better job. When cutting off the muzzle 
it is essential to have it absolutely square, as the 
bullet must escape from the muzzle at a true and 
equal bearing; when one side is high and the other 
low—and this variance only requires a difference 
of 0.001 inch—you can never expect to obtain real 
accuracy, for the escapement of gases is greater at 
the low point, tending to tip the bullet in various 
directions. This is an established fact derived 
from experiments made at the Frank ford Arsenal. 
For this reason, I have always tried to impress 
upon every one how essential it is to have the 
muzzle of any firearm perfect with the bore. 

Assuming that you do not have a lathe in your 
equipment, cut the barrel off with a hack-saw and 
file the muzzle square. Clamp the barrel in an 
upright position in the vise. With a 60-degree 
countersink, break the edge of the bore to a depth 
of inch. If a small lathe is available, a coun- 
terbore with a pilot should be made. The reamer 
should have six flutes or more, or one as shown 
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in Figure 12. To secure the best results, the flutes 
should be stoned so that the cutting edges will not 
dig in or chatter when it is revolved. Here again 
I must impress upon the reader the need for a 
square muzzle. Suppose, for instance, that the 
muzzle is cut 0.003 inch off square, and there is a 
low and a high side. When the reamer begins to 
cut, even tho it is on a taper, the high side will 
always push the countersink toward the low side, 
and it will have to cut more off the low side than 
intended, particularly if it is one without a pilot. 
Of course, any reamer will follow a hole, but you 
will have different tools, which, you must bear in 
mind, are only cutting on the edge to a certain 
portion of its diameter, and the high point will 
always crowd the cutting edge against the low point, 
making it eccentric to the bore. By using the 
countersink, a part of the metal is eliminated for 
the lapping operation to follow. 

Purchase various sizes of round-headed brass and 
wood screws. The round heads act as the lap. 
Start to lap with the smallest screw; chuck this 
into the hand breast-drill or brace, and with a small 
quantity of flour emery mixed with olive oil, cap 
the ball portion of the head into the countersunk 
portion of the muzzle. The caliber of barrel gov¬ 
erns the size of the screw heads to be used. If, for 
instance, the barrel is a .22, you will use one 
measuring about inch, and so on, the heads 
always in proportion to the caliber. Continue to 
lap until there is a perfect hearing on the inner 
surface; if you continue the lapping operation 
too long you will have too great a concave sur¬ 
face. 

A muzzle lapped by such a method produces very 
satisfactory results, and many old barrels can be 
given new life. If the muzzle of either rifle or 
revolver has been injured in some way, such as by 
dropping, it can be satisfactorily repaired in this 
fashion, only reversing the screw, using the angle 
on the bottom side and first cutting off the 
threaded portion. 

When lapping out a muzzle in this particular 
manner, a “turning over” of the lands and grooves 
will be found which is better described as a burr. 
This must be removed by means of a stiff bronze 
bristle brush, or a patch wound around a bronze 
brush, and fine flour emery and oil. Much care 
must be used with the oil and emery so that the 
muzzle is not enlarged. The stiff bronze bristle 
brush is usually the only remedy required. It will 
be surprizing and satisfying to be able, by means 
of so simple an operation, to bring new life back 
into a rifle barrel; this can be done, provided there 
are no other faults more serious than the faulty 
muzzle of the barrel. 


Poor Ignition — Inaccuracy is always first 
blamed on the ammunition, and not on some other 
cause; yet such cause may be in the mechanism of 
the rifle itself, particularly the end of the firing 
pin. Figure 142 illustrates ten shots fired from 
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Fig. 142 

Firing-pin Impressions left on caliber .22 cartridge cases 


different rifles and two side arms. The .22-caliber 
rim-fire cartridge must have a perfect support 
against the counferbored part of the barrel if it is 
a single-shot action, or a perfect support against 
the face of the barrel if it is a bolt- or slide-action 
arm. On single-action arms you will usually find 
the greatest offenders in firing pins, extractors, 
poorly counterbored chambers, too great a space 
between barrel and breech block, the chamber 
rounded too much at the end, the counterbore too 
shallow, breaking the primer mixture when the 
breech block is forced into position, etc. To have 
the correct ignition in a .22 rim-fire cartridge, it 
must be remembered that there is only one correct 
spot for a firing pin to strike, and that is at the 
top of the head of the case; consequently, when 
the blow is struck there should not be any cushion 
effect, but a solid foundation with correct head- 
space. 

In such a case the fulminate in the rim is strictly 
localized, and the firing pin must hit it in such a 
manner that it will receive instantaneous ignition 
when the pin bits the rim. The firing pin and 
spring are also sources of continual trouble, the 
firing pin in particular. In order to secure correct 
and positive ignition in a .22 rifle the firing pin 
should be perfectly flat upon the face, and the 
diameter should be governed by the force the 
spring or hammer is capable of making upon the 
rim. The impression of the firing pin should be 
deep instead of light and shallow. The Model 52 
Winchester will sometimes refuse to shoot. Ex¬ 
amine the firing pin and see if the projection is 
correct. If not, you will find this pin set back and 
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the face at a slight angle. When this is found to 
be the case, disassemble the bolt, remove the firing 
pin, and lengthen it by peening it out; this can be 
done with a light hammer and by holding the 
striker on a hardened piece of steel set in a vise. 
Do all the peening back from the point or between 


of ammunition; the main cause is usually weak 
firing-pin springs, or the firing pin binding in the 
firing-pin hole, due to upsetting or retarding the 
blow to such an extent that misfires take place. 

Study Figure 143, showing, in three different 
cases, correct ignition at the time ignition takes 
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Fig. 143 

Primer flashos showing how propellent 1* ignited when the firing pin hit* the primer 


the point and the spring shoulder, where the angle 
comes in, up to the round or small part. Through¬ 
out this operation, frequently try it in position to 
see how much it has been lengthened; also keep it 
straight so it will not be retarded by binding on 
the sides. When it has been lengthened to the 
desired distance, file at right angles with a fine 
needle file and stone the face to remove any file 
marks. Assemble the bolt again and test it on the 
range and you will be surprized to see its accuracy. 
This operation has eliminated the dropping of one 
or two shots that could never be accounted for, and 
the slight change has worked wonders. 

The same trouble is often experienced with the 
Springfield, caliber .22. You will notice in Figure 
142 the indentation left by the striker on the rim 
of the case. At times the face of one of these 
Strikers becomes very rough from the continual 
hitting upon the rim or from other causes. Stone 
the face at right angles and make sure that it has 
the proper projection; if not, it is better to send 
for a new striker rather than take the chances of 
lengthening it. 

Do not lighten any cocking pieces, firing pins, 
or strikers, believing that you will secure faster 
lock time. Instead of lightening these parts, work 
in the opposite direction and try to see where it is 
possible to eliminate friction by stoning the hard 
bearing surfaces on the parts. The primer must 
receive a quick crushing blow to obtain immediate 
and instantaneous fire from the primer mixture, 
whether center- or rim-fire cartridge. Misfires arc 
not always caused by primers except in certain lots 


place upon the blow of the striker. In the rim-fire 
illustration, the striker is not always at the top as 
on many of the old-style single-shot actions, in 
which a number were at the bottom over the ex¬ 
tractor. The proper position is at the top and 
should be there in all target arms if proper ignition 
is to take place. Study the Berdan primer and 
European cartridge, also the American design of 
cartridge case. We would very likely choose the 
American design, which shows a greater amount of 
flash in the illustration, but in reality both are 
about equal. The Berdan primer is the best, in¬ 
cluding the design of anvil in the primer pocket 
which is solid; in our American primer we have a 
separate unit in the primer cup in the form of an 
anvil, and the manufacture of this type of primer 
must be very exact in order to obtain perfect igni¬ 
tion. The foreign design, having the anvil in the 
base or primer pocket of the case, gives a solid 
foundation for the striker to hit and does not rely 
upon the anvil as in our primers; therefore it has 
a much more sensitive primer when hit by the 
striker. 

To obtain the best results with a firing pin or 
striker on these forms of primers, the pin should 
be made at the point, as illustrated by Figure 144, 
with a projection of 0.065-inch maximum and 
0.055-inch minimum, with the end always highly 
polished and free from scratches or tool marks. Do 
not try to change any of the parts in the design 
of strikers, cocking pieces, etc., to lighten the firing- 
pin mechanism, for such a primer requires a very 
hard blow and any alterations are dangerous. 
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The foregoing are the usual troubles revealed 
upon testing a rifle, barring bad trigger pulls, sights, 
poor extraction, free working bolts, etc. The twain 
object in testing is to gain the necessary practise 
to be able to solve the various difficulties; this 
practise will lead in time to a perfect understanding 
of firearm principles. 

Alterations on Winchester Single-shot Ac¬ 
tion — Changing a single-shot action from rim fire 


to center fire can be accomplished without the 
change in the firing-pin hole, a change which is 
usually done by bushing the block and making a 
new firing pin. 

Figure 145 illustrates the Pope design of an 
eccentric lever pin which makes it possible to 
change from rim fire to center fire without alter¬ 
ing the block. If the correct sizes arc to be had 
for one of these eccentric pins, those who are 
about to make such an alteration will find it a sirri¬ 
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Eccentric lever pin—Pope design. When two barrels are used on the same action this changes rim- 

fire cartridge to center-fire 







MINOR REPAIRS AND ADJUSTMENTS 


337 


pie matter. Any one having a lathe and drill press 
can make one of these. Make the pin first and 
do the necessary drilling and reaming on the action 
and under lever so the pin will fit without any lost 
motion. A keeper screw holds the pin in position. 
By making half a turn on this screw or coming 
into the open position it is possible to give the 
eccentric screw a half turn to bring the block either 
up to the required distance for a center fire or to 
the lower position for a rim fire. The change of 
the under tang and lever has taken place on this 
particular rifle and Chapter XIII, Volume II, gives 
a brief account of this work. This illustration shows 
the correct layout, so it will be an easy matter to 
copy the idea. You will notice that an extra piece 
has been welded to the end after it has been bent to 
form the pistol grip and then the end curled in 
order to have a knob on the end for a better finger 
hold. It is an easy matter to bend all Winchester 
under levers and weld this extra length to the 
forged end, but on the Stevens actions this cannot 
be done, for they are made from malleable iron, 
and if you attempt to bend by heating as for the 
Winchester, they break off; it is best to let these 
actions alone unless they can be cut off and an 
extension welded on the end to the form desired. 

Alterations on Martini Action — The next 
action to be considered in changing from rim fire to 
center fire is the Martini action for any ccntcr-fire 
cartridge, particularly the .22 Hornet. This action 
is one of the most simple to change. The operation 
should be done very gradually, not removing too 
much metal at one time; and great care should be 
taken in order that the altered shape of the horns 
will not pull the block away from the face of the 
barrel. Should the block be pulled away from the 
face, a thread should be removed or the shoulder 
turned off until it makes one turn, to compensate 
for the distance between barrel and breech block. 

A barrel-center testing rod should be made 
which will just pass through the bore of the barrel. 
The end is faced off square and on this is placed a 
film of Prussian blue. Every time a small amount 
of metal is removed from the horns, the face of the 
block should be spotted until the correct center is 
obtained. After bringing the block down so that 
the firing pin comes in the exact center, a new firing 
pin must be made from chisel steel with the correct 
contour on the end, as Figure 144 illustrates. 

Springfield .22-Caliber Bolt Stop — When the 
Springfield Armory designed the .22-caliber rifle 
they used the Model 1903 receiver for reasons of 
economy and to give the rifleman the same feel of 
rifle as with the .30 caliber; it was made possible 


to change from one to the other without the trouble 
of becoming accustomed to a different arm. They 
overlooked one point in the design which could 
have been included very easily, and that was plac¬ 
ing a bolt stop in a position so that it would not 
he necessary to have the long bolt-throw now re¬ 
quired, which allows the bolt to come back and 
usually hits the shooter on the nose. 

To allow only a short throw of the bolt, all that 
is necessary is to drill down from the top of the 
receiver on the left side with a % 2 -inch drill and 
insert a pin. First draw the bolt back until it has 
sufficient clearance for the magazine, and drill the 
hole in such a position that the ejector lug will 
come against it on its travel to the rear. The pin 
will come close to the inside walls of the channel 
and allow correct clearance for the bolt. 

The manufacture of a pin for this is a simple 
lathe operation. A knurled head is made to a 
diameter convenient for the fingers to grasp when 
necessary to remove it. On the bottom of the pin 
a circular groove is turned, as the pin will come on 
the outside of the magazine. A small spring is 
fastened to the side of the magazine so that one 
end will slip into the circular notch, which will 
cause enough friction to keep the pin from falling 
out; and when it is necessary to remove it the small 
amount of friction will not be enough to require 
any effort. By the use of this pin the cut-off 
can be removed entirely, for it will never be used 
again. 

Screw Positions — After the constant reference 
made to screws being placed north and south, it is 
well for the reader to have a thorough understand¬ 
ing of these terms. The position of a screw slot 
should always be parallel with the length of a fire¬ 
arm. By way of illustration, if the guard screws 
in a Springfield rifle are placed crosswise or at an 
angle of 90 degrees, which would be across the 
narrow part of the guard’s tang, the appearance 
would be rather conflicting to the eye and better 
judgment; but if they are placed lengthwise, or 
have the slots of the screws so placed that they face 
fore and aft. they will be what we call ‘‘north and 
south.'* 

Many times it is impossible to set screw slots in 
this position on military' arms, but when restocking 
one of these rifles it can easily be done with all 
screws, particularly the new screws used on butt 
plates, pistol-grip caps, etc. By having a full gross 
of wood screws it is always possible to find some 
which when set will have the slots in the heads 
pointing in the desired direction. It may be neces¬ 
sary to try a good many, but there is always one 
among the lot which will properly tighten the part 
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in position and still point north and south. If 
new screws are being made for any particular 
part it is very easy to fix the position of the slots 
correctly, for their locations can be marked on the 
heads, and after the screws have been removed 
they can be slotted according to these marks and 
the head finished to the desired thickness. 

Many screws require anchoring screws similar to 
those seen on a Browning Automatic shotgun, on 
the outside of the action. Whenever such a screw 
is to be used to hold the main screw, it is well to 
drill and counterbore this in the position of north 
and south, except in cases similar to Figure 145. 
The best location for a Pope eccentric pin would 
be on the top, for the pin denotes the position of 
the top or bottom cut-out. Anchoring screws are 
only applied in certain instances where it is neces¬ 
sary to prevent an essential main screw from turn¬ 
ing, as on the military guard screws in single-shot 
Colt revolvers, etc. 

Height of Sight — 'There is only one satisfactory 
means by which to secure the correct height of a 
sight while testing a rifle on the range. You may 
have made a new ramp and wish to know the cor¬ 
rect height for a front sight. To ascertain the 
accurate height of the sight when attached, first 
solder on a temporary sight of soft solder, and file 
it to the shape of a sight. The temporary sight is 
attached to the tip of the ramp and then filed to 
the width you think correct; but make it high 
enough so that it can be dressed down. While on 
the range, set the rear sight down as low as pos¬ 
sible and shoot the rifle; then file down the lead 
sight until the proper elevation is secured. Wind¬ 
age adjustment may be disregarded in many in¬ 
stances. 

After returning from the range, measure with 
calipers or a micrometer to the bottom of the barrel 
or ramp band. From this subtract the over-all 
dimensions of the front sight from top of bead to 
bottom surface of base. Set the hermaphrodite 
calipers for the new measurements, and scribe on 


front end of ramp. This mark should be laid out 
on both sides of the ramp, the marks on each side 
representing the depth of the dovetail cut, and 
measure the thickness of dovetail base of the sight. 
Scribe a line above the first one made on the sides 
of the ramp. This gives the top surface of the 
ramp. Remove the top section and mill out the 
dovetail slot for the sight. When fitted, the top of 
the sight bead will be almost the same height as 
the lead-sight blade. There will be, of course, 
a little inaccuracy, which may be taken up with 
the rear aperture-sight adjustment. If it is a leaf 
sight, set it a trifle lower so that you can file out 
the leaf upon the second visit to the range. 

Various heights of sights may be procured from 
the manufacturer. The approximate height should 
be first determined with the lead sight as above 
described, and then the design selected that is most 
suitable for the purpose intended. The set-up in a 
milling machine and the use of a dovetail cutter is 
the most satisfactory method of setting a sight in a 
ramp. Of course, the sights which are placed in, 
sideways can be filed in, but the use of a cater¬ 
pillar sight requires a set-up in the milling machine. 
The caterpillar sight may be a driving fit in the 
slot with no other means of holding it in place, or 
it may be filed off on the sides or bottom to an 
easy sliding fit, and then a plunger fitted to it as 
described in Chapter XIX, Volume II. 

By carefully following the instructions in this 
chapter and Chapter XXIII, the student who is 
just beginning to carry out work of a nature that 
does not involve a great amount of tool equipment 
should not encounter very much difficulty. The 
best way to start is by firing a rifle on the range 
in order to arouse one’s enthusiasm, and then start 
working on an old arm: not necessarily a worn-out 
weapon, but one that has possibilities and can be 
put in order. Form mental pictures of what the 
arm is capable of, and finish it according lo your 
ideas. 

From such a humble start the road to success 
will be much easier. 
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T HIS chapter is written with the intention of 
giving the beginner formulas for various oils, 
solvents, fouling solutions, etc., which are of par¬ 
ticular value and interest in gun work. I shall also 
endeavor to offer suggestions and ideas which will 
enable the novice (whom I am keeping primarily in 
mind) to help himself, and at the same time impart 
to the died-in-the-wool gun crank new points of 
interest which he has not found elsewhere. 

I know that many will immediately anticipate 
formulas for the mixing of explosives, for 1 have 
been asked time and time again for such informa¬ 
tion through correspondence. When I receive such 
requests, I am reminded of the old saying: “He 
therefore took to fulminating powder, like a wife— 
‘for better or for worse/ ” and I am of the opinion 
that such adventures usually lead to “worse.” 

You will find that gum shellac is a constant 
friend in time of trouble, for it is one of the best 
materials to be used in making fillers for various 
woods. If there are cracks or checks in the ma¬ 
terial, or if, in stocking, a slip of the tool should 
occur while letting in a receiver, guard lock, or any 
other part, a little of the gum judiciously applied 
often remedies the defect. Like charity, it covers a 
multitude of sins. 

Wood filler or plastic wood is very often pre¬ 
scribed for filling in cracks, checks, etc. However, 
such advice is erroneously given, for altho this ma¬ 
terial is satisfactory for filling up pistol grips on 
revolvers to fit the shooter’s hand, it cannot be 
used successfully for filling in checks and cuts in 
and around metal parts. The only really effective 
material is the following: 

Gun Maker's Shellac — The amount given in 
this formula will last a long time: 

12 oz. shellac (seed lac) 

4 “ rosin 

8 u alcohol (pure grain spirits) 

1 “ turpentine 

Place the shellac in a clean receptacle and add 
the alcohol. While the gum is dissolving, keep it 
covered to avoid dust or dirt, and let stand in a 
warm place. If it coagulates in the alcohol, stir 
frequently so that the alcohol will completely dis¬ 


solve the lac. In a separate receptacle place the 
rosin and turpentine and allow the latter to dis¬ 
solve the former completely. Add these two mix¬ 
tures together, place over an alcohol lamp or 
Bunsen burner, and allow the ingredients to mix 
completely. Care must be taken when boiling, as 
too much heat may cause the mass to catch fire. 
The heat may be continued until the mixture 
reaches the consistency of a heavy paste, then it 
should be poured into moulds in the form of sticks. 
These are convenient in handling and applying on 
the parts requiring shellac. 

When blemishes are to be concealed in the wood 
work or a bad cut-out has been made in stocking 
a rifle or shotgun (an accident which often happens 
to both the beginner and the experienced man 
where receivers, guards, actions, etc., are let in), 
melt a piece of gum shellac into the place with a 
warm iron so that it will he well filled. It is also 
well to warm the wood or steel where the gum is 
to be applied, to make sure that it will run down 
and make a good adhesion. Let it remain about 
ten minutes until it becomes solid, and you will 
find it difficult to detect the place where it has been 
used. A proper application requires the eyes of an 
expert to discover its use in wood work. 

Gun Oil — The fact that there are few oils fit 
for gun work does not seem to be commonly known, 
for you will find arms coming in for repairs so 
badly gummed up that only special treatment can 
get them apart, especially when linseed oil has been 
used as a lubricant. This is done rarely, but it is 
surprizing to learn just what oils are used by gun 
owners. 

The finest oil to use is the best quality of sperm 
oil. This comes in a liquid form and is extracted 
from the head of the sperm whale. As much as 
seventy barrels are found in a large whale. This 
is not only used for lubricating purposes, but on 
any occasion where an oil that is free from acids 
is required to hold a body. Any fine animal oil 
may be used as a substitute, particularly the oil 
from the jaw of a porpoise. Such oil must be pre¬ 
pared by the clarifying process which I shall 
describe later. A good oil should never be thinned 


or “cut” with kerosene, gasoline, benzine, or any 
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inferior oils, as this reduces its wearing quality. 
The oil should not thicken with exposure to such 
cold as we experience in our northern climate. 

As a rule, vegetable oils are unfit for any lu¬ 
bricating purposes on firearms. Castor or linseed 
oil will gum up and bring about extremely unpleas¬ 
ant results. The only vegetable oil which can be 
used when mixed with sperm oil is pure white 
coconut oil, and this but sparingly. Olive or 
“sweet” oil has very often been agitated with com¬ 
mon salt, nitric ether, sulfuric acid, and even hydro¬ 
chloric acid to keep it from becoming rancid. This 
oil is totally unsatisfactory, for it not only has a 
bad lubricating quality, but will rust and spoil any 
gun parts to which it is applied. 

The preparation of the most satisfactory gun oil 
is as follows: 

16 02 . pure sperm oil 
1 “ pure coconut oil. 

The coconut oil becomes heavy in cool weather, but 
during summer heat is in a liquid form. If it is 
thick, place it over the gas flame or some other 
form of heat, and warm both oils together. Allow 
them to simmer between five and ten minutes; the 
degree of heat should be about 200 degrees Fahren¬ 
heit, just enough heat being applied so that the oils 
will be agitated in the receptacle, without any great 
amount of odor rising. Turn off the heat and let 
cool; it will then be ready for the clarifying process. 

When you desire to clarify oil, take a block of 
pure lead and file off about half a pound of shavings 
with a vixen file or a wood rasp, or better still, if 
you have a shaper, cut these off in the same manner 
as you would a piece of steel. Place these lead 
shavings in a two-quart bottle and then add the 
oil. In time the impurities will collect on the lead, 
and the clarified portion may be poured off. Dur¬ 
ing this process let the bottle be exposed to the sun 
for two or three weeks or even longer. You will 
notice that the oils have different bodies in the 
morning before the sun has a chance to effect the 
entire mass. The top portion must be poured off 
and filtered through filtering paper. This portion 
is used for the fine lubrication of locks, etc. The 
second portion is also filtered and used for coating 
the inside of rifle and shotgun barrels, and wiping 
off the exteriors of firearms to protect the melal 
parts from rust. The congealed or heavier portion 
on the bottom can be warmed, filtered, and used 
not only for the inside of barrels, but the outside 
as well, when the arms are used in a warm or 
tropical climate. These three oils should be placed 
in bottles and labeled Nos. 1, 2, and 3, with suit¬ 
able inscriptions so that they will be known by any¬ 
one having occasion to use them. 


Gun Grease — All wool in its natural state con¬ 
tains fatty or greasy matter called “suint,” secreted 
by the skin and covering the individual hairs. 
When this is separated from the wool and refined, 
it is called “lanolin” and can be purchased at any 
wholesale drug house. The lanolin is too heavy to 
use alone for the bores of rifles and shotguns, there¬ 
fore it must be mixed with “Rust Veto” or “white 
vaseline,” the former made by E. H. Houghton 
Co., Philadelphia, Pa. A formula which has proved 
very successful is prepared in the following manner: 

1 part anhydrous lanolin 
1 “ pure white vaseline or 1 part rust veto 

Melt the two ingredients together over an alcohol 
lamp or Bunsen burner until they arc thoroughly 
mixed, and allow to cool. 

Lanolin in its natural state also serves to lubri¬ 
cate and make outdoor clothing waterproof. The 
wool in all garments eventually loses this oil, but 
an application of lanolin will prevent the fibers of 
the wool from becoming dry. After an application, 
it is surprizing how waterproof old wool clothing' 
becomes. 

Gun grease is used when it is necessary to place 
arms in storage for a great length of time. When 
in a damp climate or near salt water and air, a 
liberal amount should always be used, especially on 
arms that are carried on board ship. Rifles should 
be disassembled and a liberal amount used between 
the wood and metal to protect the parts from the 
action of the salt air and water. In the dryer 
climates, No. I gun oil is all that is generally re¬ 
quired except when a firearm is placed in storage 
for a long time. Those who wish a gun grease of 
a lighter consistency, may add sperm oil to the 
above formula until the entire mass becomes liquid. 

Miscellaneous Lubricants — Various oils are so 
often mentioned in these pages and are used so 
extensively in the manufacture of firearms and 
ammunition, that it is well to have an insight on 
this subject. The demand today for better auto¬ 
mobiles and machinery of all kinds naturally means 
that their lubricants must be of the best. 

Lubricants are derived from minerals, vegetables, 
and animals. Nearly all the mineral lubricating 
oils are obtained from petroleum, altho some are 
derived from shale. Mineral oils are classed com¬ 
mercially as “pale” and “dark.” The pale oils are 
somewhat transparent and tinged with a variety of 
yellowish and reddish shades; the dark are opaque 
and either greenish or brownish black. The specific 
gravity of mineral oil usually varies from about 
0.860 to 0.940 and the flashing point from 300 to 
600 degrees Fahrenheit. The oils obtained from 
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petroleum have a much wider range of viscosity 
than the “fixed oils.” The thinnest are more fluid 
than sperm oil, and the thickest more viscous than 
castor oil. The shale lubricating oils are of a low 
viscosity. 

Fixed Oils and Fats —Fixed oils are so named 
because they are not volatile without decomposition. 
They are obtained from the seeds or fruits of plants 
and the tissues of animals. All fixed oils become 
fats at low temperatures, and inversely, all fats 
become oils at ISO degrees Fahrenheit. The most 
common lubricants among animal oils are tallow, 
lard, neat’s foot and sperm oil, and among vege¬ 
tables, olive, rape, and castor oil. Ordinarily ani¬ 
mal oils are either colorless or yellow, whereas 
vegetable oils are various shades of yellow and 
green. The specific gravity of fixed oils varies from 
0.879 to 0.968 at 60 degrees Fahrenheit. Sperm oil 
has the lowest viscosity and castor oil the highest. 

Brown or Thickened Oil —Lubricants of this 
class are fixed oils (usually rape or cotton-seed) 
which are artificially thickened by forcing a current 
of air through the heated oil, a process which in¬ 
creases the density and viscosity. Brown oils mixed 
with mineral oils are very largely used as lubri¬ 
cants. The mineral oils used for this purpose are 
usually of rather low viscosity. 

Rosin Oil —This oil is obtained from common 
rosin by distillation, and is not suitable for the 
lubrication of machinery, but is used to adulterate 
mineral and other lubricating oils. 

Soap and Grease Lubricants —Some mineral oils 
are thickened artificially by the addition of such a 
substance as aluminum soap. This increases the 
viscosity, but its effect diminishes rapidly when the 
oil is heated. Mineral oils are also thickened with 
sufficient soap (such as lime, soda or lead soap) 
to form a grease at ordinary temperatures. These 
greases may also contain some solid lubricant, such 
as graphite, talc, etc. 

Adulterants —Many of the more expensive oils, 
such as sperm, olive, and lard, arc adulterated with 
cheaper fixed oils and mineral oils. Cotton-seed is 
often mixed with lard and olive oils, and sometimes 
substituted for the latter. The use of adulterants 
in order to increase the viscosity is usually resorted 
to in the case of mineral oils. The presence of the 
adulterants can sometimes be detected by com¬ 
paratively simple tests. Oils used in gun work must 
be pure and free from adulterants and acids. 

Testing Oils —The quality and proportions of 
some lubricating oils can be determined approxi¬ 
mately, without the use of any special testing ap¬ 
paratus, by the following simple methods. To 
determine the presence of solid impurities in the 
oil. kerosene is added to half a tumbler of oil until 


the whole becomes quite thin. This mixture is then 
passed through filter paper or ordinary white blot¬ 
ting paper, and after all the oil has passed through, 
the paper is washed with kerosene. The residue on 
the paper, if any, will show whether or not the oil 
had any solid impurities. Impurities may also be 
roughly detected by smearing a piece of writing 
paper with oil and holding it against the light. If 
the oil is free from solid impurities the blot will be 
equally transparent throughout; otherwise, the solid 
particles will be visible. The oil must not resinify. 
To test it this way, pour it into a shallow dish and 
leave in a warm place about a week. There should 
not be the slightest crust at the end of that time. 
Another way to test oil is to mix it with the fumes 
of nitric acid. If the oil is pure, a thick mass will 
form in a few hours, while resinifying oil will re¬ 
main thin. 

Acids arc very injurious impurities in any oil 
used for gun work, since they attack the parts 
lubricated. To test for acids, copper oxid or copper 
ash is added to the oil in a glass vessel. Acid-fred 
oil retains its original color, while acid-impregnated 
oil becomes greenish or bluish. Another test is to 
drop the oil on a sheet of copper or brass and leave 
it there for a week. If the oil contains acid, there 
will be a green spot on the metal. 

An oil must be greasy in order to have good 
lubricating qualities. To determine which of sev¬ 
eral oils is best, place a drop of each kind on a 
smooth, slightly inclined metal or glass chute. The 
drop of the best oil will travel farthest in a given 
time. 

Powder Solvent — An erroneous belief exists 
that it is possible to combine a gun oil with a 
solvent, making the one do for two operations, and 
this usually results in a ruined barrel. There are 
also a great many men who are under the impres¬ 
sion that when they use clcan-borc ammunition or 
ammunition with the new non-corrosive primer, 
their cleaning worries are over. Many come to me 
with ruined barrels because they have neglected 
cleaning them. This applies not only to the .22 
caliber, but others as well. These men come in 
with their rifles to have the bores examined, saying, 
“There is something wrong with that barrel; it 
doesn’t seem to hold the shots on the paper any 
more, yet I am holding it in the same place all the 
time.” Upon examination, I usually tell the owner 
that it has not been cleaned since the last time it 
was fired. Invariably I receive the answer: “Why, 
it isn’t necessary to clean a rifle nowadays. I al¬ 
ways use clean-bore ammunition.” After running 
a bronze bristle brush through and cleaning the 
bore out thoroughly, I discover, of course, that the 
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barrel is ruined, yet it is difficult to convince the 
owner, for his faith is strong in clean-bore ammuni¬ 
tion, regardless of climatic conditions. 

As we know, it is typical of many American 
manufacturers to advertise products regardless of 
their merits. Large bill boards confront us at every 
turn and their talking points become slogans. 
“Clean-bore ammunition’’ is one of these. As a 
consequence those who arc susceptible to adver¬ 
tising ballyhoo accept the idea that the disagreeable 
task of cleaning a firearm is over. This is perfectly 
all right in a hot dry climate; there a firearm can 
be forgotten; but in a moist climate such as we 
have near tine Great Lakes, the owners of firearms 
are often greatly surprized to learn that it is still 
necessary to use the customary cleaning rod, pow¬ 
der solvent, and gun oil. 

The following formula is very good for dissolving 
powder residue: 

100 re. best nra.de turpentine 
100 cc. pure sperm oil 
100 cc. acetone 

Mix in order given and place in a glass receptacle 
with a glass stopper, so that none of the acetone 
can evaporate. If you wish to color the solvent, 
place a little alkanet root in the turpentine and 
allow it to stand for an hour or so until enough of 
the red color is extracted. If a darker shade of red 
is required, allow the alkanet root to simmer gently 
in the turpentine over a gas burner or an alcohol 
torch. Then strain or filter the turpentine and add 
it to the sperm oil and acetone. The addition of 
the alkanet root is not of any material benefit, but 
adds a rather pleasing color. 

After a rifle is fired and before it is put away, 
it should be cleaned with a powder solvent to dis¬ 
solve any residue left in the barrel, wiped out per¬ 
fectly dry, and gun oil applied to protect the 
interior as well as the exterior. This only requires 
the use of a chamois or cloth well moistened with 
the gun oil. Moist hands are as harmful as climatic 
conditions or residue left in the interior. To use 
the solvent, saturate a bristle brush and work it 
back and forth through the bore. Then use clean 
canton-flannel patches to thoroughly clean and re¬ 
move all traces of the solvent, for any of this left 
in the barrel will dissolve oil, and expose the metal 
to the action of rust through moisture. 

Many shotgun barrels are ruined by lack of 
proper cleaning methods, and many shotgun owners 
will be surprized to learn what a lot of good is done 
by swabbing out the barrels with the powder 
solvent, which removes more residue than they ever 
dreamed could adhere to the interior. Most owners 
use a dry rag through both barrels and then place 


some of this oil on a cloth and push it through, the 
result being—in a week’s time or less—the com¬ 
plete evaporation of the oil with patches of rust 
showing, which can only be removed by a lapping 
process. When this happens to a rifle it means a 
ruined barrel, for it cannot be removed by lapping 
as in the shotgun. 

Metal-Fouling Solution — The gunsmith is 
often called upon to remove metal fouling from 
the bores of high-velocity rifles. This requires a 
special process—a very simple one when under¬ 
stood. Such fouling consists of patches of metal 
left in a rifle barrel from the jackets of bullets, 
particularly when bullets having jackets of “cupro¬ 
nickel” have been used. This metal is fast disap¬ 
pearing in the manufacture of jacketed bullets in 
the United States, but in England and Germany 
they still use the cupro-nickel bullets, '(’lie present 
manufacturers uf bullets in this country use a gild¬ 
ing metal or an alloy of copper. Some are made 
with the pure copper, which is rather a soft ma-. 
terial. The gilding metal, as used by the Frankford 
Arsenal for the manufacture of the National Match 
ammunition, is a much harder alloy, gives better 
results in accuracy, and reduces the problem of 
metal fouling to a minimum. 

To determine the presence of metal fouling in the 
rifle bore, first clean it with the powder solvent and 
then thoroughly clean and dry the bore by using 
clean patches. Examine from both the muzzle and 
chamber ends by holding it in a good light; the 
presence of metal can be detected in different forms 
such as long streaks, small flaky spots, or even 
lumps and smears adhering to the lands and 
grooves. When any such condition exists it should 
be removed at once, for it will interfere with accur¬ 
acy, and if left long enough, rust will develop under 
these patches and in a short time the barrel will be 
ruined. 

The metal-fouling solution is compounded as fol¬ 
lows: 

22 0 gr. ammonium persulfate 
100 “ ammonium carbonate 
90 cc. ammonia (26 to 28%) 

60 cc. distilled water 

The first two ingredients should be powdered to¬ 
gether in a small mortar and then mixed with the 
last two in a bottle with a rubber cork. Secure a 
bottle large enough so that when you pour in the 
two latter ingredients it will only be one-half or 
two-thirds full, for the solution generates a power¬ 
ful gas which may blow the cork out or burst the 
bottle. Keep it in a cool place when not in use. 
This amount of solution will keep between two 
and three weeks; after that, it generally loses its 
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original strength, so that it is far better to mix new 
as your requirements demand. Always keep the 
bottle tightly corked when not in use, and leave 
it uncorked only for a few seconds when pouring 
out the amount required. 

When ready to use the solution, carefully clean 
the bore of all oil and grease. Then insert a rubber 
cork in the chamber, and a small piece of rubber 
hose over the muzzle. A convenient length to use 
is about 2 inches, making a watertight joint. Stand 
the rifle in an upright position, with the barrel 
vertical. A practical method is to rest the muzzle 
on the floor and clamp the other end in the vise 
between felt jaws. 

Carefully pour the solution through the rubber 
hose into the muzzle of the rifle until the bore is 
full and the liquid flush with the end of the barrel, 
being very careful not to spill any on the outside 
of the rifle. If this should happen, wipe it dry at 
once with a cloth well moistened in gun oil. Let 
the solution remain in the bore between twenty and 
thirty minutes, but never more than half an hour 
under any circumstances. When first poured into 
the bore the liquid is as colorless as water, then 
little bubbles begin to appear and it assumes a 
deep blue color as it begins to dissolve the alloy 
(which is mostly copper) deposited by the bullet 
jackets. It generally completes the work in fifteen 
minutes, but the full thirty minutes will remove 
every trace of fouling. 

After the solution has performed its work, reverse 
the rifle muzzle, and pour out. While in this posi¬ 
tion, take the rubber hose from the end of the 
muzzle and insert a cleaning rod to remove the 
cork from the chamber. Keep the muzzle down 
all this time so that none of the solution will enter 
the chamber and mechanism and promote rust. 
From the chamber end, run a clean dry patch 
through to remove any trace of the solution left in 
the bore. Then place the rifle in a vise and run a 
number of patches through to remove the last rem¬ 
nant of the mixture before it has had time to 
evaporate on the steel. The best method for this 
operation is to take a cleaning tube and funnel, 
pour hot water through from the breech, and then 
thoroughly dry the bore with clean canton-flannel 
patches. Look through the bore to see if it is per¬ 
fectly clean and free from metal fouling. If it is 
perfect, give it a thorough swabbing and coat with 
No. 3 gun oil. This will protect as well as clean. 
If you wish to store it for a long time, use the gun 
grease. 

If, however, some fouling still remains in the 
bore, run a clean bronze bristle brush through sev¬ 
eral times, being careful that the brush and rod are 
free from oil or grease, and apply fresh solution in 


the manner described above. Usually one applica¬ 
tion is sufficient, but in bad cases, two or even 
three applications are necessary. 

As long as the ammonia retains its strength and 
the steel remains wet, it has no action on the steel. 
If, however, it is allowed to evaporate, the steel 
will rust very quickly; or if the solution is per¬ 
mitted to stand for a long time exposed to the 
air, the carbonate adds to the strength of the am¬ 
monia which will evaporate, and the remaining so¬ 
lution will rust steel very quickly. Therefore, take 
precautions to keep the bottle tightly corked, do 
not spill any of the liquid over the rifle or in the 
mechanism, and place a rubber tube over the muz¬ 
zle so none will evaporate on the steel at the end of 
the barrel. The solution will remove any finish 
on the stock if spilled while using it, so it is well 
to wrap a piece of cloth around the forearm while 
doing this. Never pour the solution into a barrel 
that is still warm after firing, for such an applica¬ 
tion may completely ruin the barrel in a few sec¬ 
onds; always allow the barrel to cool first. 

A well-made barrel should never pick up any 
metal from the bullet jackets. Usually this con¬ 
dition is caused by small grooves left by the ream¬ 
ers and rifling cutter, so minute that the eye is 
unable to detect them. If you have such a barrel 
and the melal fouling must be removed often, it 
is convenient to have a small measuring glass grad¬ 
uated so that you will know just the amount to 
use each lime to fill the bore completely, thus ob¬ 
viating the danger of spilling by overflowing. It 
also makes pouring easier and quicker. In the 
absence of a mortar and pestle, the persulfate and 
carbonate may be powdered by placing in a clean 
cloth and pounding with a hammer. 

The presence of oil or grease will saponify the am¬ 
monia solution and prevent its dissolving the metal 
fouling. When used exactly as described, this stand¬ 
ard metal-fouling solution is perfectly safe and very 
effective. 

Sulfur Casts — Sulfur casts are often neces¬ 
sary as a means of measuring accurately the cham¬ 
ber of a rifle or the chamber and cone of a shotgun. 
Originally pure sulfur was used, but we discovered 
at the Arsenal that this shrunk between .001 and 
.002 inch, making it unsuitable for this purpose. 
After experimenting with various substances in an 
effort to find a cast that would not shrink material¬ 
ly, the following formula was compounded: 

4 oz. sulfur 

10 pr. powdered lampblack 
1 tsp. pum camphor dissolved in alcohol 

Heat the ingredients very slowly in a small ladle 
over a Bunsen burner, stirring constantly. When 
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the mixture arrives at a thin pouring consistency, it 
is ready to pour. 

First prepare the chamber by a thorough clean¬ 
ing and then by giving it a film oi very light oil. 
This can best be done by slightly moistening a piece 
of cloth on the end of a stick or rod. A cork the 
size of the bore is selected and a piece of wire about 
J /4 6 -inch diameter--a little longer than the cham¬ 
ber—is inserted into the center. A ladies' hat pin 
is very convenient, or any wire of the same diame¬ 
ter. The wire is used as a reinforcement for the 
cast. Press the wire and cork into the bore about 
one-half inch ahead of the chamber, so it is possible 
to show a part of the rifling, or, on a shotgun, the 
cone. 

With the rifle or shotgun barrels clamped be¬ 
tween felt jaws in the vise, muzzle downward, pour 
the mixture into the chamber quickly and allow it 
to cool before removing the cast. To remove the 
cast, insert a cleaning rod into the muzzle and push 
lightly against the cork, and as it comes out, hold 
the cast by the end of the wire, which acts as a 
handle. You may now measure the cast, and you 
will find that such a mixture will give a fine and 
glossy appearance that can be measured at every 
point. However, it should be handled very care¬ 
fully as it is extremely brittle. It is imperative that 
the mixture be heated very slowly, for otherwise it 
will become too thick to pour. The quantity given 
is more than required for one cast, but this can be 
reheated for others as needed. 

Patterns — The gunsmith’s work often demands 
the use of various patterns, such as those for alu¬ 
minum and brass butt plates, adjustable and Schiit- 
zen heel plates, pistol-grip caps, various accessories 
for the target shooter, etc. For this reason the 
student should be thoroughly familiar with this 
branch of study, for he can then take care of his in¬ 
dividual requirements, and save much lime by elim¬ 
inating the necessity of going to a patLern shop 
where they usually demand a detailed drawing of 
each part. After your pattern is finished, give it to 
the foundry and they will make castings of it at a 
small expense. 

Woods commonly used for patterns are white 
pine, mahogany, cherry, maple, birch, whitewood, 
and fir. For most of the larger patterns, white pine 
is considered the best, not only because it is easily 
worked, but because it readily takes glue and var¬ 
nish, and is fairly durable for most gun parts. For 
medium and small-size patterns, especially when 
they are to be used often, a hard wood is preferable. 
Mahogany is often used for patterns of this class; 
cherry can be used, and so can scrap walnut. As 
mahogany has a close grain, it is not as susceptible 


to atmospheric changes as a wood of coarser grain. 
If you are using cherry, never select green timber; 
maple and birch are preferable, especially for 
turned parts, for these woods take a good finish. 
It is very important that the wood selected be well 
seasoned; that is, it should be kiln-dried or kept one 
or two years before using, the time depending upon 
the size of the wood. 

Patterns intended for repeated use are varnished 
as a protection against moisture, especially when in 
the damp moulding sand. (See Shellac Varnish.) 
The varnish used should dry quickly and have a 
smooth surface that draws readily from the sand. 
At least three coats should be applied to a pattern, 
the surfaces being rubbed down with fine sandpaper 
after applying the preliminary coats in order to ob¬ 
tain a smooth surface. 

Glue lor Patterns — There arc many qualities of 
glue, both in the liquid, sheet, and pulverized form. 
(See Glue.) Whenever practicable, glued joints 
should be reinforced by nails or screws. A joint to be 
glued should be accurately fitted, because glue does 
not get a grip unless the parts are in close contact. 
If the end grain must be glued, first apply a sizing 
coat to fill the openings among the fibers. After 
the sizing coat is dry, apply the second coat to the 
surface and unite. If the preliminary coat is not 
applied, the open-end grain is apt to absorb the 
glue so rapidly as to weaken the joint. (This is 
also true in stock work.) The hot glue should be 
thin enough to spread easily. However, it can be 
thicker for pine than for the woods of a closer 
grain such as mahogany or walnut, because, aside 
from the quality of the glue, the holding or binding 
property depends upon the extent to which the 
glue enters the pores of the wood. All glued joints 
should be firmly pressed together with clamps im¬ 
mediately after the application. They should be 
given plenty of time in which to harden: between 
20 and 24 hours in a dry place should be sufficient. 

Shrinkage — The shrinkage allowance ordinarily 
made on patterns to compensate for the contraction 
of castings in cooling are as follows: 

Cast-iron. %2 to % inch per foot 

Commou brass. :t /m inch per foot 

Yellow brass. %j» “ 

Bronze . %2 “ “ “ 

Aluminum . %* “ “ “ 

Steel casting. “ “ “ 

The amount of shrinkage depends to some ex¬ 
tent upon the shape and size of the casting. A 
plain casting that is long in proportion to its width 
will contract differently from one that is more com¬ 
pact, even tho both castings are of the same ma¬ 
terial. The pattern maker’s shrinkage rule has 
graduations which are longer than the standard 
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measurements, to give the allowance directly. This 
device is hardly necessary for small parts in gun 
work. 

Draft for Patterns — The draft or the amount of 
taper given to a pattern to facilitate withdrawing 
it from the mould depends somewhat upon the size 
and shape of the pattern. A general rule is to taper 
each side % inch for each foot of surface to be 
drawn. The average amount for small patterns is 
about Yn$ inch per foot, altho in some cases, as on 
pistol-grip caps or thin butt plates, it can be less. 
As a rule, however, there should be draft. 

The draft shapes away from the pattern’s ‘‘face,'’ 
which is usually uppermost in the mould when the 
pattern is drawn. Some patterns do not require 
draft because none of the surfaces are at right 
angles to the face, and very small patterns are made 
without draft. 

Allowance for Finish — It is seldom that it is 
necessary to allow much for shrinkage on gun parts 
for a finishing job, as most of the pieces are pol¬ 
ished and buffed. The amount added, therefore, to 
a pattern to allow for machining the casting varies 
greatly, depending upon the method of machining, 
the size of the casting, and the importance of hav¬ 
ing a clean surface free from flaws or defective 
spots. If castings are to be finished from the rough 
upon a disc grinder or polisher, very little allow¬ 
ance is sufficient; in fact the moulder can warp a 
pattern with allowance enough to allow for the 
finish. 

Glue — The most commonly used glues in the 
shop are animal, casein, and cold liquid glues; each 
possesses properties which make it invaluable for 
certain purposes. Animal glue possesses strength, 
casein glue is the most w r ater-resisting, and cold 
liquid glue is always prepared for immediate use. 

Glue can be successfully heated only by means 
of a water-jacketed pot. The action of dry heat or 
direct steam is never recommended, for such 
methods usually result in overheating the glue. A 
good glue pot may be purchased very reasonably; 
it has a jacket, is electrically heated, and is made 
on the same principle as a fireless cooker. An 
automatic switch controls the amount of current, 
so that the proper temperature is maintained at 
all times. 

If you cannot procure a glue pot of this kind, 
you can purchase an ordinary enamel double boiler 
at the hardware store, or place any smaller vessel 
in a larger pan of water. Vessels made of copper, 
aluminum, or with a porcelain lining are the most 
satisfactory for the use of animal glue, as they 
resist its acid action. For the best results, the inner 
pot should be covered while the glue is being 


heated, to prevent the evaporation of the water and 
to keep the glue clean. 

Glue comes in either the flake or powdered form. 
The only advantage of ground glue is that it need 
not be soaked so long. The amount of glue to be 
prepared depends upon the amount of gluing to be 
done. I would advise mixing only the quantity 
needed, since reheating reduces the strength, and 
the evaporation of water makes the solution too 
thick. Five ounces of dry glue mixed with 2% 
parts of water by weight make a pint of liquid, 
and this is sufficient for covering 8 to 10 square 
feet of surface. Larger or smaller quantities of dry 
glue will give proportional amounts of liquid. 

The proper way to measure dry glue is to weigh 
it. No other method for the proportion of glue and 
water is as good or as accurate as weighing. Mix¬ 
ing glue according to dry measures, such as scoops, 
quart measures, buckets, etc., is not dependable, 
since flake glues may vary 100 per cent in bulk 
weight and ground glue 25 per cent. 

Always soak glue in clean cold water before 
heating. Soaking in cold water gets the glue into 
proper condition to dissolve readily when heated. 
Soaking in warm water will not give satisfactory 
results. Soft water should be used, since the chem¬ 
icals of hard water may injure the glue. The pro¬ 
portional amount of water necessary for soaking 
animal glue is determined by the grade of glue and 
the manufacturer, and weigh it for accurate results. 
1% to 2% parts of water by weight to one part 
glue. Use the amount of water recommended by 
the work for which it is to be used—never vary. 

It is advisable to add the glue to the water in 
small amounts and stir thoroughly until all is uni¬ 
formly mixed. This is especially important when 
mixing ground glue. It keeps the glue from col¬ 
lecting in balls and thoroughly mixes it with the 
water. Use only clean containers for soaking the 
glue. The time for soaking glue depends on the 
form. Ground glue will dissolve in from thirty 
minutes to four hours, according to the fineness of 
the powder. It is necessary to soak flake glues 
from one to twelve hours according to the thick¬ 
ness of the chips. 

In melting the glue, temperatures higher than 
150 degrees Fahrenheit will destroy the strength 
of the glue. By all means, do not allow glue to 
buil. The electric glue pot will keep the glue at 
the right temperature, but if only a double boiler 
is available, test the temperature with a thermom¬ 
eter. A minimum of 120 degrees Fahrenheit for 
glue is also essential. The binding strength of glue 
depends upon its penetration of the wood. Glue 
below 120 degrees Fahrenheit will not penetrate, 
since the body of the solution is too heavy for per- 
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feet fluidity. Therefore, underheating glue is to 
be avoided as much as overheating. 

In applying glue, be careful not to use too thick 
a solution. Glue must be thin to penetrate, and 
penetration is absolutely necessary for a successful 
joining. Fresh glue properly proportioned by 
weight and heated to the right temperature will 
have the right consistency. Tt will be well for the 
beginner to examine such glue carefully in order 
to see that it is all right in this respect. The con¬ 
tinual heating of glue tends to make the solution 
thicker. It should always run from the brush in a 
thin stream and spread with ease. The thinning 
of melted glue with water impairs its strength, but 
the strength of a joint made with glue of the proper 
consistency is greater than one made with a solu¬ 
tion that is too thick. 

For stock work it will be best to use raw linseed 
oil instead of water. It requires longer to set, but 
is as perfect a waterproof glue as can be made. 
Instead of soaking the glue in water as recom¬ 
mended, have a vessel set aside containing linseed 
oil and glue. This can be used as the supply be¬ 
comes low in the cooker. 

Gun Maker’s Glue —Dissolve four ounces of good 
animal-hide glue in sixteen ounces of strong acetic 
acid, by exposure to a gentle heat. This is not 
exactly a liquid glue preparation—it is only semi- 
liquid. It may be kept for any length of time de¬ 
sired, and when needed for use, a slight warming 
is all the preparation necessary. The student will 
find this very handy for his work and also very 
convenient in case he should have occasion to use 
glue that does not require a strong joint in the 
work. This preparation is one of the best, and 
thus prepared you are assured that the ingredients 
are of proper material. 

Shellac Varnish — This is used for a number of 
purposes, not only on stock work, but in the finish¬ 
ing of patterns, tool blocks, the tops of benches, 
etc. To make the varnish, place the shellac in a 
clean receptacle, covering it with pure grain alcohol. 
When it is to be used for stocks or patterns, bench 
tops, blanks, etc., wood alcohol may be used. When 
preparing this, enough alcohol should he used to 
cover the shellac completely. After it is fully dis¬ 
solved and is still too thick, more alcohol can be 
added to thin it down to the required consistency. 
Too much warmth will tend to evaporate the al¬ 
cohol, and for this reason it should be well-nigh 
sealed from the air. It may take one or two days 
for the alcohol thoroughly to dissolve the shellac; 
this depends upon the temperature in which it is 
placed. When the gum is dissolved, thin with al¬ 
cohol to the proper consistency, and for easy ap¬ 


plication use a brush. If the mixture should be 
dirty, filter it through filtering paper to remove all 
foreign substances. 

Colored shellac is often desirable. The color of 
the varnish is commonly changed and various sub¬ 
stances may be added. Lampblack is used for a 
black shellac; a red varnish can be made by adding 
Chinese vermilion, etc. (See “Where Colors Come 
From.”) All coloring powders should be well pul¬ 
verized before adding them to the varnish. 

Steaming Woods for Bending — An erroneous 
belief exists among many men that a rifle or shot¬ 
gun stock can be made as pliable as a piece of 
putty, to secure any drop, bend, or cast-off, by just 
steaming it in a steam box. My advice is never to 
try it, even as an experiment, unless you want a 
ruined stock. Take a shotgun as an example; a 
little common sense will tell you that with all the 
cut-outs for the action, it would be an impossibility 
to perform this operation; for when the steam be¬ 
gins to penetrate, the walnut will warp in all di¬ 
rections and the cut-outs will expand so much that 
the action will never go back in place. Further¬ 
more, the knots, or burls, nr even crotch wood that 
the stock contains would all open up to such an 
extent that you would be able to insert a knife 
blade in the wood tu the depth of half an inch or 
more. Such openings would run from one to three 
inches, and in some cases longer, irreparably dis¬ 
figuring the stock. 

The only satisfactory way to change the bend in 
a stock, in either rifle or shotgun, is to apply hot 
raw linseed oil to the grip, which will make it pos¬ 
sible to bend the wood slightly in any direction, 
at times as much as one-halt inch. After wrapping 
a number of pieces of cloth around the grip well 
back from the action, pour hot linseed oil over 
these and allow to stand between a half and one 
hour. Then grip the butt end of the stock and 
twist or bend to any shape you may desire. The 
best time to do this is late in the afternoon before 
going home. There are two reasons for this: heat¬ 
ing the oil over the gas flame, particularly when it 
comes to the boiling point, produces an odor; and 
after the bending operation it is much better to 
let the stock stand over night. Remove the oil- 
soaked cloths the next morning, completely disas¬ 
semble the action, and clean out any linseed oil that 
has run into the mechanism. 

I find that men who live near a body of water 
and are familiar with the handling of woods use 
this method for bending and twisting timbers in 
boat building. Perhaps the following information 
regarding a steam box will not be amiss. 

Long or short strips, and even planks, can be 
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made pliable by steaming them from one-half to 
one hour in a cheaply constructed steam box such 
as Figure 146 illustrates. The size of the box will 
naturally depend on the work you intend to do. 
Boxes all the way to 35 feet in length by 3 feet 
square have been made for bending planks in boat 
building. For ordinary work, however, a box 10 
to 12 inches square by 8 to f2 feet in length will 
be ample for the student who is interested in small 
boats or other work of a nature that includes the 
bending of wood. 

The box is made of inch boards, nailed together 
with tenpenny nails, about 6 to 8 inches apart, with 
one end closed permanently and the other end 
either furnished with a hinged lid and two side 
catches, or left open entirely. When the latter 
scheme is resorted to, an old piece of carpet, burlap, 
or lid can be used to close up the end. Even when 
the hinged lid is used, it is well to use a piece of 
burlap. 

An ample sized pot with a wooden lid made to 
fit the opening tightly is also needed. A hole is 
cut in the center of the bottom of the steam box 
with a compass saw, large enough to take a piece 
of pipe 1 y> to 2 inches in diameter. The pipe must 
fit very tightly and he of sufficient length to pre¬ 
vent the box from coming too near the fire—say 
four feet from the ground. 

The kettle is suspended from the middle of the 
box by means of a strong wire or chain over the 
fire. The wooden lid is furnished with an opening 
for a funnel to supply the kettle with water, but 
the opening is closed with a tight-fitting cork when 
the funnel is not used. The box is generally placed 
upon a couple of trestles or horses outside the shop, 
but within convenient reach. Charcoal or any ma¬ 
terial that makes a good fire may be used imder 
the kettle to generate the steam. Altho this in¬ 
formation may seem a bit superfluous in a book of 
this nature, the young man who is interested in all 
classes of sports and aspires to carry out different 


ideas will find this particularly remunerative, but 
do not try it in gun stocks. 

Loos© Wood Screws — Very often wood screws 
pull out, especially those used in the end grain of 
the wood. Whenever this happens, 1 usually bore 
out the hole to a much larger size, make a wooden 
plug of a harder variety, glue it in place, allow it 
to stand for 24 hours, and then refit the screw. 
However, this is sometimes impractical, especially 
when one is in a hurry. Then the most convenient 
method of making a loose screw hold is to use a 
piece of fine lead wire. Wind this around the 
threads of the screw, thus increasing the diameter 
of the threaded part, and screw it back in place. 
Such a simple operation often saves the plugging 
of the hole. 

Testing Iron and Steel — A very satisfactory 
chart was worked out at Purdue University to test 
steel by the spark method on an ordinary emery 
wheel. But in using this method when in doubt 
about a certain piece of steel that had not been 
marked in the shop, I have often been fooled in the 
alloy steels, by the sparks. Cold-drawn and espe¬ 
cially machinery steel will produce a dull spark, and 
if the carbon contents arc rather high in the cold- 
drawn steel you can always detect this, and con¬ 
sequently discover what you have. Carbon tool 
steel can never be mistaken, because it gives off a 
dull continuous red glow without the presence of 
the bursting sparks which emanate from other 
steels. Nor can high-speed steel be mistaken, for 
it has only a dull short length of spark similar to 
the alloy steels, only one-half inch or more in length 
from the test piece, whereas the alloy steels 
lengthen out the dull sparks at times more than 
three inches. The wise student will secure five 
samples of the steels I have named and have them 
marked. Touch each one to the face of an emery 
wheel and note the sparks. When once seen, they 
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will never be forgotten. If, however, you are in 
doubt, take small pieces and harden them by the 
different methods which have been described in 
previous chapters. 

Home-made Drill Press — Three machine tools 
are almost indispensable in the tool equipment: the 
lathe, the drill press, and the grinder. Next to the 
lathe in importance comes the drill press, and 
while the latter does not cost nearly as much as the 
former, its price is sufficient to make a large dent 
in the student’s purse. However, it is possible to 
construct a press which will answer the purpose 
for many simple jobs. This is the method I em¬ 
ployed when I found the need of a small drill press. 
You will be surprized to know what a number of 
drilling jobs a press made from a cheap breast drill 
will be able to perform. 

The frame and table were made from wood and 
built against the wall in the cellar. First, I con¬ 
structed the table from a piece of maple, l x 15 x 
18 inches, and fastened to a 2 x 8 inch with two 
braces on each side. On the back of this I bored 
a 1-inch hole to allow the wire to go through for 
operating the head. A piece P/fc x 6 x 8 inches 
grooved on each side was made for the head to slide 
on. Then a head was made with gibs so that it 
was possible to slide it up and down. Next, suit¬ 
able brackets were made from x % inch cold 
drawn steel to be clamped to the breast drill at the 
bottom and top, and at the same time fastened to 
the movable head which stood away just 12 inches 
from the wall. Two hooks were screwed in the 
head; one at the top and one at the bottom. The 
top hook has a very heavy compression door spring 
connected to the head and then fastened to the 
ceiling, a device which always held the head to the 
top. On the bottom hook a wire was attached, and 
fastened to a hinged board which acted as a foot 
feed or treadle, so that when using the drill it was 
possible to apply the required pressure while re¬ 
volving it by hand. The face plate, made as large 
as 18 inches out from the head, allows for the 
largest work you may have. All parts should be 
square and level. The drill-press breast drill and 
all can be made for about three dollars, and the 
results will more than pay for it. Figure 147 il¬ 
lustrates one of these. 

Where Colors Come From — The cochineal in¬ 
sects furnish a great number of the very fine colors; 
among them are the gorgeous carmine, crimson, 
scarlet, and purple lac. 

The cuttlefish provides sepia, an inky fluid which 
the fish discharges when attacked, in order to ren¬ 
der the water opaque. 
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India yellow comes from the camel. 

Ivory chips produce the ivory and bone black. 

The exquisite Prussian blue is made by fusing 
horses’ hoofs and other refuse animal matter with 
impure potassium carbonate. (This color was dis¬ 
covered accidentally.) 

Various lakes are derived from roots, barks, and 
gums. 

Blue-black comes from the charcoal of the vine 
stalk. 

Lampblack is soot from certain resinous sub¬ 
stances. 

Turkey red is made from a plant which grows 
in Hindustan. 

The yellow sap of a tree in Siam produces gam¬ 
boge. (The natives catch the sap in coconut 
shells.) 

Raw sienna is the natural earth from the neigh¬ 
borhood of Siena, Italy. 

Raw umber is also an earth found in Umbria, 
Italy, and burned. 

India ink is made from burned camphor. (The 
Chinese are the only manufacturers of this ink and 
they will not reveal its secret.) 

Mastic is made from the gum of the mastic tree, 
which grows in the Grecian Archipelago. 

Bistre is the soot of wood ashes. 

Useful Information — To find the circumference 
of a circle multiply the diameter by 3.1416. 

To find the diameter of a circle multiply the cir¬ 
cumference by .31831. 

To find the area of a circle multiply the square 


of the diameter by .7854. 

The area of a rectangle is the length multiplied 
by the breadth. 

Doubling the diameter of a circle increases its 
area four times. 

To find the area of a triangle multiply the base 
by V 2 the perpendicular height. 

To find the surface of a ball multiply the square 
of the diameter by 3.1416. 

To find the side of an inscribed square multiply 
the diameter by 0.7071, nr multiply the circum¬ 
ference by 0.2251, or divide the circumference by 
4.428. 

To find the side of a square that shall be equal 
to a given circle, multiply the diameter by .8862. 

Square: a side multiplied by 1.4142 equals the 
diameter of its circumscribing circle. 

A side multiplied by 4.443 equals the circumfer¬ 
ence of its circumscribing circle. 

A side multiplied by 1.128 equals the diameter 
of an equal circle. 

A side multiplied by 3.547 equals the circumfer : 
ence of an equal circle. 

Square inches multiplied by 1.273 equals the 
circle inches of an equal circle. 

To find the cubic inches in a ball multiply the 
cube of diameter by .5236. 

To find the cubic contents of a cone, multiply 
the area of the base by % the altitude. 

Doubling the diameter of a pipe increases its 
capacity four times. 

A gallon of water (U. S. standard) weighs 8% 
lbs. and contains 231 cubic inches. 
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CHAPTER XXVI 


Soldering, Brazing, and Welding 


I F ONE has any knowledge of joining metals 
together, he will find soldering, brazing, and 
welding very simple operations. Soldering is the 
method of joining metals by means of lead and tin 
mixed in a given proportion. Brazing involves a 
higher heat and the use of different materials. 
Welding is the most difficult of the three, requiring 
at least three weeks’ practise before any degree of 
success is attained; soldering and brazing can be 
mastered in one week. This is due to the ease with 
which softer metals adhere to steel, iron, brass, 
copper, etc., when the proper fluxes are used. 

Soldering — Solders for joining metallic sur¬ 
faces or edges are almost invariably composed of 
an alloy of two or more metals. The solder used 
must have a lower melting point than the metals 
to be joined by it, but the fusing point should 
approach as nearly as possible that of the metals 
to be joined, so that a more tenacious joint is 
effected. Solders may be divided into two general 
classes, hard and soft; the former fuses at a red 
heat, the latter at a comparatively low tempera¬ 
ture. These solders are also subdivided into a 
variety of classes such as brass, silver, gold, cop¬ 
per, tin, plumber's solder and others—the name 
in most cases designating the application. 

Almost everyone thinks he can solder, yet if we 
examine the work carefully we find that only about 
ten per cent of the work is done as it should be. 
Tho soldering is referred to as sweating, there is 
a remarkable difference in strength between a well- 
fitted and sweated union of the metals and one 
ordinarily soldered. An important point frequently 
overlooked is properly cleaning the surfaces to be 
joined, an operation too often left for the flux to 
correct. The after effects resulting from improper 
cleaning before soldering are far worse than the 
good effects of the soldering. This is particularly 
noticeable in gun work. Another neglected point 
is the selection of the flux to be used, altho nearly 
all metals can be joined by the use of the same 
flux. For strength, fit the parts accurately. The 
more accurate the fitting, the stronger the union. 
Use a solder with as high a melting point as pos¬ 
sible. Apply the proper heat. The nearer the 
temperature of the work to be joined is brought 


to the fusing point of the solder, the better will be 
the union, since the solder will then flow more 
readily. 

Fluxes — The action and use of a flux in solder¬ 
ing is to remove and prevent the formation of an 
oxid during the operation of soldering, and to allow 
the solder to flow readily and to unite more firmly 
with the surfaces to be joined. There are on the 
market a number of fluxes or soldering salts that 
are giving good satisfaction. A salts that is very 
popular with gunmakers is the No-ko-rode Solder¬ 
ing Salts. All that is necessary is to make a sat¬ 
urated solution of the salts in water, and apply 
with a soldering brush. 

For sheet tin, on the best work, rosin or col¬ 
ophony is used, but. owing to the ease of applying 
and rapidity of work, zinc chlorid or add is more 
generally used. Beeswax can also be used and 
almost any of the pastes, fats or liquids prepared 
for that purpose. 

For lead, a flux of oil and rosin in equal parts 
of the liquids works very well. Tallow is also a 
good flux. Rosin and colophony are much used, 
and zinc chlorid will keep the surfaces in good con¬ 
dition. Lead burning is a different operation from 
soldering, and at the present time almost a lost- 
art. The surfaces must be bright and free from 
oxid. Solder is not used as a flux but a piece of 
lead with rosin and oil. 

The following is a list of fluxes to be used: 

Hydrochloric or Muriatic Acid —The ordinary 
commercial acid is much used in full strength or 
slightly diluted to solder zinc, particularly where 
the zinc is old or covered with an oxid. 

Rosin or Colophony , Powdered —Commonly used 
for copper, tin and lead; very generally used by 
canneries and packing houses on account of its non- 
poisonous qualities. It is also used mixed with 
common olive oil. 

Turpentine —This can also be used as a flux. 

Tallow— Is also used for lead pipe but is more 
frequently mixed with rosin. 

Beeswax —Is good and can be used often in place 
of other fluxes. 

Palm or Cocoa Oil —Will work well, but is most 
general!}' used in the manufacture of tin plate. The 
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common green olive oil works very well with the 
more fusible solders as expedients. We can use a 
piece of common stearin candle, common brown 
rosin, or soap, or cheap furniture varnish largely 
composed of rosin. Paraffin, vaseline, and stearin 
arc recommended for use with some of the alloys 
for soldering aluminum. 

Chlorid oj zinc acid , or soldering liquid —Most 
commonly used of all fluxes; usually prepared 
simply by dissolving as much scrap zinc in the 
ordinary commercial hydrochloric acid as it will 
take up. But if it is diluted with an equal quan¬ 
tity of water and a small quantity of sal am¬ 
moniac is added it works much better and is less 
likely to rust the articles soldered. If they are 
of iron or steel, about two ounces to the pint of 
solution is about the proper quantity of powdered 
sal ammoniac to add. In preparing this solution, 
a glass or porcelain vessel should be used; owing 
to the corrosive fumes, it should he done in a well 
ventilated place. Use a vessel of ample capacity, 
for there is a considerable foaming or boiling of 
the mixture. 

Soldering Liquid I —Non-corrosive. Prepared by 
dissolving the zinc in the acid as above and adding 
one-fourth of the quantity of aqua ammonia to 
neutralize the acid; the diluting is done with an 
equal amount of water. 

Soldering Liquid II —Neither corrosive nor 
poisonous. Dissolve V /2 parts glycerin in 12 
parts water and add V/ 2 parts lactic acid. 

Soldering Paste —When a solutoin of chlorid is 
mixed with starch paste, a syrup liquid is formed 
which makes a flux for soldering. 

A very good acid mixture for cleaning work to 
be soldered is equal parts nitric and sulfuric acid 
and water. Never pour the water into the acid/ 

A very good job of soldering can be done on 
work that will permit it, by carefully fitting the 
parts, laying a piece of tin foil covered on both 
sides with a flux between the parts to be joined, 
clamping together, and heating until the foil is 
melted. This is very good for joining broken parts 
of brass and bronze work. If they fit well together, 
they can frequently be joined in this manner so 
that the joint is very strong and almost imper¬ 
ceptible. 

A solution of copper for copper-plating steel or 
cast-iron before soldering will work by simply 
immersing the work in it. This is also useful for 
coppering the flutes of reamers before stoning, also 
on the surface of dies, templets, and tools for 
laying out. Scribe the lines so they can readily 
take—copper sulfate 3% ounces, sulfuric acid 3% 
ounces, water 1 gallon. Dissolve the copper sul¬ 
fate in the water and add the acid. 


The best solder for gun work such as soldering 
ramps, rear-sight bases, sling-swivel bases, etc., is 
75 per cent lead and 25 per cent tin which has a 
melting point of 482 degrees Fahrenheit. We can¬ 
not apply a low-melting solder to gun work because 
of the heat the rifle or shotgun may be subject to, 
as in Africa or any other parts of the world where 
the heat becomes so terrific that parts may be 
melted off firearms, making them useless. 

The soldering copper for the beginner’s use 
should be about l l / 2 pounds in weight. The length 
should be l x / 2 to 3 inches of an octagon form with 
a square pyramidal point. It is fixed to an iron 
rod about 8 inches long, on the end of which is a 
wooden file handle. When heating the copper for 
use, the best way to ascertain the proper heat is 
to hold it near the face; if a bright warm glow is 
felt, it is hot enough. If heated too much, the 
tinning will be burned off and it will not work 
satisfactorily. To replace the tinning, heat it just 
warm enough to melt the solder and file the surface 
bright and smooth. Then dip in No-ko-rode Sol¬ 
dering Salts, and reheat and redip into the solu¬ 
tion very quickly and apply or rub the solder on 
the bright surface until it is well coated all over. 
Wipe off with a tag; it is now ready to use for any 
soldering. With an electric soldering iron there 
is not a great amount of danger in burning off the 
tinning, except when forgotten and left on too 
long. When necessary to retin, follow out the 
instructions given for the copper soldering iron. 


Soft Solders — Soft solders consist chiefly of 
lead and tin, altho other metals are occasionally 
added to lower the melting point. Lead-tin alloys 
melt at a lower temperature, with the increase in 
the percentage of tin up to a certain point, but 
when the tin exceeds 67 per cent, the melting point 
rises gradually to the melting point of lead, as 
shown in this table. 


Tin 

Lead 

0 

100 

10 

00 

20 

30 

30 

70 

40 

60 

50 

50 

60 

40 

66 

34 

70 

30 

80 

20 

00 

10 

100 

0 


Melting Temperature 
(Degrees Fahrenheit) 
618 
577 
532 
401 
446 
401 
368 
356 
365 
388 
419 
466 


Soft solders are termed “common,” “medium” 
and “fine,” according to the tin contents. Those 
containing the most lead are the cheapest and 
have the highest melting temperatures. Fine solder 
is largely used for soldering britannia metal, brass, 
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and tin-plate articles. It is also used for soldering 
cast-iron, steel, copper, and many alloys. The 
soft solder called "common'’ is used by plumbers 
for ordinary work; this solder contains two parts 
lead to one part tin. The best soft solders are 
made from pure lead and pure tin and used alto¬ 
gether by the gunsmith, allho 30 parts tin and 
7G parts lead is preferable on most barrel work. 
Solder which comes in the wire is the best to use, 
for the reason that it is possible to get it into 
places where a large bar of solder could not enter. 

Hard Soldering and Brazing — Hard solder is 
used for joining such metals as copper, silver, and 
gold, and alloys such as brass, German silver, gun 
parts, etc., which require a strong joint and often 
a solder the color of which is near that of the metal 
to be joined. The hard soldering of copper, iron, 
brass, etc., is generally known as brazing and the 
solder as spelter. The operations of hard solder¬ 
ing and brazing are identical, and the two terms 
are often used interchangeably. There is a dis¬ 
tinction, however. Brazing is generally understood 
to mean the joining of metals by a film of brass, 
whereas hard soldering (which is the term used by 
jewelers) ordinarily means that “silver solder” is 
used as the uniting medium. 

For hard soldering or brazing a red heat is nec¬ 
essary, and borax is used as a flux to protect the 
metal from oxidization and to dissolve the oxids 
formed. Heating cannot be done with a soldering 
iron, but should be effected by a blow pipe, blow 
torch, gas forge, or a coke or charcoal fire. As a 
greater degree of heat is required to melt spelter 
than soft solder, brazed work will withstand more 
heat without breaking or weakening than that 
soldered. The chief advantage of a brazed joint, 
however, lies in its superior strength. Before work 
is assembled for brazing, it should be carefully 
cleaned and the parts fastened together in the 
position they are to occupy and joined. Usually 
the pieces are secured by clamps or fixtures, but 
sometimes wire is used for holding the parts to¬ 
gether. Whenever practicable, they should be se¬ 
cured in such a way that the work can be turned 
over during the process of brazing without dis¬ 
turbing the relation of the parts, thus affording a 
better chance to apply the flux and spelter. 

Sweating — When parts are soldered together 
by heating them sufficiently to melt the solder in¬ 
stead of using a soldering iron, the operation is 
often known as sweating. Ramps and sight bases 
are usually sweated together prior to machining 
in order to secure them to the barrel in perfect 
alinement. The finished surfaces forming the joint 


between the bases and the barrel are first tinned 
or covered with solder. This is done by heating 
the barrel and bases enough to melt the solder; 
apply a flux (such as No-kn-rode Soldering Salts) 
and finally the solder. After tinning, the bases 
are held to the barrel by clamps and again heated 
until a perfect union is had. Too long exposure 
to the heat after the solder is melted would spoil 
the joints. 

The equipment used for this operation may be 
an acetylene torch, blow torch, or Bunsen burner, 
the latter being the best. Of course, any kind of 
clean fire can be used, providing tne flames do 
not affect other parts of the mechanism in the 
weapon. It will be well for the beginner to take 
two pieces of iron or steel to acquire this experi¬ 
ence. Two cartridge cases will serve the purpose; 
file the base of each and tin them with solder; by 
holding the two together with pliers over the 
flames a union is made. If it is perfect, the cases 
will break before the joint. 

Fluxes for Soldering — As two pieces to be 
soldered must be thoroughly alloyed with the ma¬ 
terials used as a solder, the temperature must be 
raised and maintained at such a point that inter¬ 
penetration can take place completely. It is nec¬ 
essary that the surfaces to he joined he perfectly 
clean, and means must be provided to prevent oxi¬ 
dization during soldering. Oxids tend to prevent 
interfusion. This is accomplished by using a coat¬ 
ing of some substance that melts at the fusing tem¬ 
perature of the solder, air being excluded. The 
coating should have a solvent action on the oxid, 
thus keeping the metal clean and enabling the 
metal and solder to unite thoroughly. The fluxes 
generally used are rosin, sal ammoniac, zinc 
chlorid and borax. The flux is added first and the 
solder melted by means of a flame or soldering 
iron, the latter first having been smoothed with 
fine emery cloth or a file and then properly tinned. 
Rosin and chlorid of zinc are fluxes commonly 
used for soft-soldering tin (tinned iron), brass, etc. 
Rosin is used alone when soldering ribs to shotgun 
barrels, so that no corrosion will take place be¬ 
tween the ribs and barrels. For hard soldering 
or brazing, use burnt or calcined borax, or boracic 
acid in powdered form. In all cases where zinc 
chlorid is used as a flux, the articles should be 
cleaned after soldering to prevent subsequent cor¬ 
rosion of the metal. This is the basis of almost 
all soldering salts on the market. 

Alloys for Brazing Solders —The alloys or 

“spelters’' used for brazing are composed of copper 
and zinc alloys. The melting point of these alloys 
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depends upon the percentage of zinc. As the pro¬ 
portion of zinc increases, the melting point is 
lowered as shown by the table. The fusing point 
of spelter should be as close as possible to that 
of the article to be brazed, as a more tenacious 
joint is thereby secured. An easily fusible spelter 
may be made of two parts zinc to one part copper, 
but the joint will be weaker than when an alloy 
more difficult to fuse is employed. A spelter that 
is readily fused may be made of 44 per cent cop¬ 
per, 50 per cent zinc, and 6 per cent tin. Melting 
temperatures of copper-zinc alloy are: 


Percentage 

Melting Temperature 

Copper 

Zinc 

(Degrees Fahrenheit) 

100 

0 

1980 

96 

4 

1967 

86 

14 

1X90 

80 

20 

1846 

76 

24 

1796 

72 

28 

1756 

71 

29 

1746 

63 

37 

1666 

SO 

50 

1616 

.35 

65 

1501 

29 

71 

1467 

24 

76 

1364 

20 

80 

1301 


This is a very good alloy when a solid joint is 
desired, as it will adhere firmly to steel or other 
metals, and under no circumstances will it come 
loose when used on ramps, swivel bases, and rear- 
sight bases; you will find that it fuses in a much 
lower heat. 

Any alloy containing lead should be avoided, 
since lead does not transfuse with copper and thus 
decreases the strength of the joint. A hard solder 
for the richer alloys of copper and zinc may be 
produced from 53 parts copper and 47 parts zinc. 
Copper and iron have a much higher melting point 
than brass, thus allowing the use of a rich cupper 
alloy. Tin is often added to the ingredients for 
gun work but should be used sparingly for other 
classes of work because it increases the brittleness 
of the solder. The addition of tin to the copper 
and zinc lightens the color of the joint, giving it 
a gray tint and is not so noticeable after bluing. 

Silver Solder — This is a hard solder contain¬ 
ing silver, copper, and zinc or brass. The compo¬ 
sition of silver solder varies according to the nature 
of the work. A silver solder used very often by 
gunmakers contains 70 per cent silver and 30 per 
cent copper. Silver coins may be used for small 
work. Silver soldering is employed for uniting 
comparatively small parts requiring a strong joint. 
The heating is usually effected by a blow pipe, and 
borax or powdered boracic acid may be used as a 
flux. The flux should be applied before heating 
if nossible. 


A very good hard solder of low fusing point, 
used extensively by gunmakers, is composed of: 
34.36 per cent copper; 49.24 per cent silver; and 
16.40 per cent zinc. Borax is used for a flux. 
Solders for German silver arc generally made of 
the same materials as those which compose the 
alloy to be soldered, but in such proportions that 
the melting point is lower. In some cases, silver 
solder is used for uniting German silver articles; 
German silver solder is also used for soldering 
articles of iron and steel because of its high melt¬ 
ing point and tenacity. German silver solder is 
known under such names as Argentan, Arguzoid, 
etc. Tt is rendered moderately fusible by an addi¬ 
tion of zinc to copper and nickel. If the solder is 
too brittle, it is an indication of too much zinc. 
This defect can be remedied by adding the requi¬ 
site amount of copper and silver. For soldering 
alloys composed of from 16 to 22 per cent nickel, 
the following proportions may be used as a solder: 
copper, 47 per cent; nickel, 11 per cent; zinc, 
42 per cent. 

Brazing will find its proper place in the realm 
of gunsmithing. It is used extensively for repairs 
on all classes of arms, on tangs, guards, shotguns, 
broken parts of factory arms such as the Win¬ 
chester, Remington, Savage, and Stevens, or on 
antiques. 

Figure 148 shows a fixture which is used for 
brazing ramps, sight bases, swivel bases, etc. With 
such a muffle or hood, all parts of the barrel do 
not come in direct contact with the flames. It is 
especially useful when a blow torch or large gas 
flame is employed. The device insures a uniform 
heating at the point where the flame is needed, 
resulting in a clean smouth surface, when low- 
melting spelter or silver solders are used. When 
an acetylene torch is used for the purpose of braz¬ 
ing, such a fixture is not necessary'. When attach¬ 
ing sight bases or swivel bases to barrels, the inside 
must be wiped perfectly clean and a coat of bone- 
black mixed with light paraffin oil applied to pro¬ 
tect the bore from scale or oxidization. It is very 
bad practise to braze any parts to hardened re¬ 
ceivers or actions of rifles or shotguns. Soft solder 
must be employed and the parts held by screws to 
protect the addition from recoil, for if soft solder 
is used alone a sudden shock will break it off. 
Brazing is especially adapted for joining barrel 
drills to oil tubes. In such work there are always 
special fixtures employed, as there are also in braz¬ 
ing or silver-soldering any parts to shotgun barrels. 
If a torch is not available, or even a gasoline blow 
torch, the fixture shown in Figure 148 may be 
turned over on its side in the forge, allowing the 
flames to come through the round opening. When 
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ELEVATION SECTION AA 

Fig. 148 

Fixture for brazing ramps, sight bases, swirol basos. otc. 


it is used over a forge fire, a coke or charcoal fire 
is preferable to soft coal, it may be necessary to 
enlarge the opening to the flame inlet until the 
required amount of heat is given to form the union. 

Spelter or silver solder may be purchased from 
any of the large hardware houses. If they are 
unable to secure the correct alloy as given in the 
tables, it is an easy matter to make your own by 
melting the alloys in a small crucible and casting 
your own rods by forming a suitable mold from 
sheet-iron over a % tt -inch piece of drill rod 12 
inches long, and pouring the spelter into this. Rods 
between % 2 and % inch are more desirable, but 
when casting % 0 -inch rods, form a temporary mold 
shaped in such a manner that the rods will come 
out successfully and will be the limit of the size. 

Iron or steel surfaces must be thoroughly cleaned 
before brazing. The surfaces must be made bright 
either by filing, grinding, or using a sand blast. 
Brass or bronze parts can be cleaned by dipping 
them in a solution of one-third nitric acid and 
two-thirds sulfuric acid. This same solution can 
be used to remove the scale after brazing. 

Brazing Cast-Iron — There are so many cheap 
actions made from cast-iron that it will be well to 
say a few words about the methods used. First 
remove all dirt and grease from the pores of the 
metal by heating to a dull red. The surfaces 
should then be cleaned either with a sand blast 
or a wire brush. After cleaning, the parts must be 
fastened together in the position they are to occupy 
when brazed. The fastenings may be effected by 
the use of screws, wires, bolts, clamps, etc. If 
practicable, the parts should be held in such a way 
that they can be turned over during the process 
of brazing without disturbing the alinement, in 
order to facilitate the application of flux and 
spelter. 


A good formula for cast-iron brazing is as fol¬ 


lows: 

Boracic acid . 8 oz. 

Chlorid of potash . 2 oz. 

Carbonate of iron . lVi oz. 


This mixture should be kept dry as moisture or 
long exposure to the air renders it less effective. 
The preparation is mixed with grain spelter im¬ 
mediately before using. Heat the work to a bright 
yellow color and apply the flux and spelter with 
an iron rod flattened at the end. This method is 
for an open fire, but when an acetylene torch is 
used, the bar-rod spelter can be used. After braz¬ 
ing cast-iron, let it cool slowly, as sudden chilling 
may be injurious. 

Autogenous Welding — The process of fusing 
and uniting metals by the application of intense 
heat without compression or the use of a flux is 
termed “autogenous welding. 0 The temperature 
required is obtained by the combustion of a mix¬ 
ture of gases such as oxygen and acetylene or oxy¬ 
gen and hydrogen. One or both of these gases may 
be under pressure. The gases are mixed in the 
nozzle of the torch prior to combustion. Ordi¬ 
narily the weld is formed by fusing in additional 
material between the surfaces of the joint. This 
material is in the form of a rod or a wire and may 
or may not be of the same composition as the 
material being welded. This is one of the most 
useful means of obtaining results; no other manner 
is possible for the gunmaker. An oxy-acetylene 
torch is, however, advantageous and one of the 
most economical additions to the general equip¬ 
ment. It is used for many off jobs such as sweat¬ 
ing on ramps, sights, and swivel bases; for brazing, 
soldering, sweating, and bending bolt handles, etc.; 
also for the welding of broken parts such as ham¬ 
mers, actions, triggers, plates, and parts from fac¬ 
tory arms. 
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The temperature of an oxy-acetylene torch is 
approximately 6300 degrees Fahrenheit, and the 
temperature of an oxy-hydrogen flame is 4000 de¬ 
grees Fahrenheit. With the former, the number of 
British thermal units per cubic foot is about five 
times greater than is obtained with the latter. 

Installing the Equipment— 1 . See that the 
following equipment is available: 

1 oxygen cylinder 
1 acetylene cylinder 
1 oxygen regulator 
1 acetylene regulator 

1 length of %-in. acetylene hose 10 ft. to 12 ft. long 
1 length of Vi-in. acetylene hose 4 ft. long 
1 length of %-in. air hose 10 ft. to 12 ft. long 
1 acetylene cylinder valve wrench 
1 air regulator 
1 spark lighter 
1 kit of tools 

2. Place the oxygen cylinder to the left of the 
acetylene cylinder and either clamp them together 
or chain them separately to the wall or a post to 
prevent them from tipping over. 

3. Remove caps from both cylinders. These 
caps are used to protect the cylinder valves during 
shipment and should be placed where they can be 
readily found when the cylinders are empty and 
are to be returned to the recharging station. 

4. Slightly open both the oxygen cylinder valve 
and the acetylene cylinder valve, using the valve 
wrench in the latter case. Opening the valves in 
this manner assures that they will open easily and 
that any dirt or grit in the valve outlet will be 
blown out. The valves should be closed immedi¬ 
ately after they have been slightly opened and a 
little gas allowed to escape. Remember that acety¬ 
lene gas is highly inflammable and will ignite if it 
comes in contact with a spark or flame. 

5. Attach the oxygen regulator to the outlet of 
the oxygen cylinder valve, using a wrench to in¬ 
sure that the connecting nut is tight. 

6. Unscrew the adjusting screw of the oxygen 
regulator by turning it to the left until it turns 
easily—that is, until all pressure on the spring 
Upon which it rests is closed. Slowly open the 
oxygen cylinder valve. The regulator is now 
closed. The full pressure within the cylinder— 
about 2000 lbs. per square inch—is now apparent 
upon the dial of the cylinder pressure gauge. 

7. Turn the adjusting screw of the oxygen regu¬ 
lator to the right a few turns until a little pressure 
is placed upon the spring within the regulator, thus 
opening the valve and allowing a little oxygen to 
escape from the regulator outlet. This wall hlow 
out any dirt or grit which may have accumulated 
in the outlet nipple. 

8. In a similar manner connect the acetylene 


regulator to the outlet nipple of the acetylene cyl¬ 
inder valve, being sure that the connecting nut is 
tight, and releasing the adjusting screw of the 
acetylene regulator to the right until a little pres¬ 
sure is placed upon the spring and the valve begins 
to open, delivering a small quantity of acetylene 
through the outlet nipple. 'The adjusting screw 
should immediately be released to prevent the 
escape of acetylene into the room. 

9. Attach the straight part of the “Y” of the 
gas mixer (a right-hand thread) to the oxygen 
regulator outlet, and the acetylene hose (having a 
left-hand thread) to the acetylene regulator outlet. 
These hose nuts cannot be interchanged because 
they are provided with right and left hand threads 
to prevent the wrong nut from being placed upon 
the regulators. Using the regulator adjusting 
screw, blow a little oxygen and acetylene through 
the mixer to remove any dirt or grit that may have 
collected. Do not waste the gases unnecessarily 
and remember that too much acetylene must not 
be allowed to escape into the room. 

Oxy-Acetylene Torch — The arrangements of 
a standard torch for medium and heavy welding 
are two small pipes which have hose connections 
at one end. The opposite ends are attached to a 
head which holds the torch tip or nozzle. The pipe 
for acetylene opens w'ith a cylinder which serves 
as a handle and is packed with a porous material 
that makes it impossible for the flame to pass this 
point: however, “flash back” is not likely to extend 
back of the tip. The lips are interchangeable, dif¬ 
ferent sizes being required for various classes of 
work. The mixture uf the oxygen and acetylene 
gases takes place within the tip. The acetylene is 
admitted under lower pressure than the oxygen— 
through inlets at right angles to the oxygen inlet 
to insure thorough mixing. Regulators on the 
storage tanks serve to control the working pressure 
of both gases. 

Adjusting the Torch —Before lighting the torch, 
the regulator on the oxygen tank should be set to 
give the required pressure. For the average pres¬ 
sures used for welding different metals, thicknesses 
are given in tables furnished by the manufacturers. 
The acetylene is lighted first, the regulator being 
adjusted so that there is a fairly strong flame. The 
full pressure of the oxygen is then turned on, after 
which the acetylene pressure is varied by means of 
the regulator until the two cones which appear in 
the flame at first are merged into one small cone. 
After this cone is formed, no more oxygen should 
be added. It is also well to test the cone occa¬ 
sionally by increasing the acetylene pressure 
slightly, which will immediately cause an extension * 
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of the point of the cone. When the cone is prop¬ 
erly formed, it will be neutral so that it will neither 
oxidize (burn) nor carbonize the metal. An excess 
of oxygen will cause burning and oxidization; an 
excess of acetylene will carbonize the metal. The 
tip of the cone should just touch the metal being 
welded but not the point of the torch, as this might 
cause a “flash back.’’ An excessive discharge of 
sparks indicates that too much oxygen is being 
used and the metal is being burned or oxidized, 
altho in welding thick metals there will be a con¬ 
siderable volume of sparks even tho the flame is 
neutral. 

Size Tips to Use —The proper size of tip to use 
for welding depends upon ihe thickness of the work 
and the rate at which the heat is dissipated. Some¬ 
times the rate of conduction and radiation is af¬ 
fected by the location of the parts to be welded. 
In general, heavy parts will conduct the heat more 
rapidly from the working point; to offset this loss 
of heat a larger tip is used. In many cases, the 
tip should be as small as compatible with good 
work, to economize in the use of gases. If the 
flame is too small for the thickness of metal being 
welded, the heat will be radiated almost as fast as 
produced, hence the flame will have to be held so 
long at one point to effect a weld that the metal 
will be burned. On the other hand, if the flame 
is too large, the radiation may be insufficient to 
prevent burning the molten metal. The tip should 
have an opening that will reduce the metal to a 
plastic, molten condition (not too fluid), covering 
a width approximately equal to the thickness of 
the metal being welded. 

Making Welds — For the student to become 
proficient in the art of autogenous welding requires 
experience and practise. A week's practise will 
enable any man to master the fundamental prin¬ 
ciples of it. It is advisable to begin by welding 
thin strips of iron or steel, not over % inch in 
thickness, before attempting work on the parts of 
firearms. Such light metals can be welded with¬ 
out the addition of a filling-in material. The torch 
should be given a rotary motion accompanied by a 
slight upward and forward movement with each 
rotation. This movement tends to blend the metal 
and reduce the liability of overheating. If com¬ 
paratively thick materials are practised on, the 
edges should be beveled (by chipping or in any 
other convenient manner). The beveled surfaces 
are then heated by a circular movement of the 
flame, care being taken to melt them to a soft 
plastic state without burning the metal. Wherever 
fusion occurs, new metal should be added from a 
“welding rod,” the composition of which is suit¬ 


able for the work in hand. In continuing the 
heating operation, the flame should be swung 
around in rather small circles and be advanced 
slowly to distribute the heat and prevent burning. 
The surface should be thoroughly fused before 
adding metal from the welding rods, and the latter 
should be held close to, or in contact with, the 
surface. The heat is then radiated from the weld¬ 
ing rod to the work; whereas, if the metal wire is 
allowed to drop through the flame, it may be 
burned to an injurious extent. When the weld is 
completed, it is advisable to pass the torch over it, 
so that all parts will cool in a nearly uniform 
temperature. 

When welding two parts together, it is important 
not to heat one more than the other, because the 
hottest piece will expand most and the weld may 
crack in cooling as the result of uneven contrac¬ 
tion. In making heavy welds, the parts should be 
brought to a red heat for a distance of about three 
times the thickness on each side of the weld for 
thickness up to l inch, the distance being increased 
somewhat for heavier parts. 

Pre-heating — Parts to be welded are often pre¬ 
heated by the use of a blow torch, gas furnace, 
charcoal fire, etc. This pre-heating is done either 
to economize in gas consumption or to expand the 
metal before welding, in order to compensate for 
contraction in cooling. Of course, you will never 
experience this requirement in gun work, but it is 
well to know the principle. Usually it is advisable 
to pre-heat in comparatively heavy, thick metals 
(especially if cast) before welding. This equalizes 
the internal strains, and very materially reduces 
the cost. Tn many instances it is much better to 
produce expansion before welding than attempt to 
care fur the contraction afterwards. When there 
is a straight crack, it can usually be opened uni¬ 
formly by heating the metal at each end and keep¬ 
ing it hot while the weld is being made. As a rule, 
the expansion obtained by heating at the ends will 
compensate for the contraction which accompanies 
the cooling. When a part has been pre-heated, it 
is well to place sheets of asbestos over it to protect 
the operator and prevent heat radiation, the sur¬ 
face to weld being exposed. Where a piece of 
metal has severed completely or a projection has 
broken off, pre-heating will not be necessary. 
Whether the metal is pre-heated or not, it should 
be covered as soon as the weld is finished and be 
allowed to cool slowly. If the metal is more than 
V± inch thick, the edges should be beveled at an 
angle of about 45 degrees on each side. 

For comparatively heavy welds, it is well to 
leave three small points of contact for alining the 
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broken parts in their original position. To make 
the weld, the flame should be passed for some dis¬ 
tance around the fracture and then be directed on 
to it until the metal is cherry-red. When this 
occurs, have an assistant throw on a little sailing 
powder, and when the metal begins to run, add 
cast-iron from the cast-iron “wielding stock/’ which 
should be of specially refined material. Powder 
should only be added when the metal does not flow' 
well, as little as possible being used. Never at¬ 
tempt to re-weld pieces that have been previously 
welded or brazed without first cutting away all the 
old metal. 

Welding Steel — Steel less than V\ inch thick 
can be wielded without the addition of any welding 
metal. If the thickness exceeds Vi inch the edges 
should he beveled or chamfered. It is very im¬ 
portant not to add the welding material until the 
edges are fused or molten at the place where the 
weld is being made. The welding metals should 
be special wire, and in no case should the flame be 
held at one point until a foam is produced, as this 
is an indication that the metals are being burned. 
Do not hold the flame steadily in the center of the 
weld. 

When welding a crack located in the middle 
of a piece of steel, such as a forc-cnd arm, begin 
by chamfering the metal on each side of the frac¬ 
ture at an angle of 45 degrees, the slope extending 
to the bottom. Then apply the welding torch to 
the forc-cnd arm beyond the end of the crack until 
there is sufficient expansion to open the crack per¬ 
ceptibly. The weld should then be made; as a 
rule it will be found that the expansion will com¬ 
pensate for the contraction when cooling. A slight 
excess of oxygen is less harmful than an excess of 
acetylene, but it is important so to adjust the 
gases that the flame is neutral. When the weld 
is completed, j>ass the torch over it and the sur¬ 
rounding metal, as previously mentioned. 

Welding Brass — The gunsmith is called upon 
very often to weld this class of metal, especially 
on older arms such as the muzzle loaders. When 
welding brass, adjust the flame until there is a 
single cone, as for steel welding. Keep the point 
of the white flame slightly away from the weld, 
according to the thickness of the piece, so that 
the heat will not be sufficient to bum the copper in 
the brass or volatilize the zinc. If a white smoke 
appears, remove the flame, as this indicates exces¬ 
sive heat. A little borax should be used as a flux. 
For brass welding, it is advisable to use a lip about 
one size larger than for the same thickness of steel, 
for as the weld is really cast brass, it will not have 


the strength of rolled sheet brass. Do not breathe 
the fumes while welding brass. 

Welding High speed Steel to Machine Steel 

— The student will very seldom get such work, ex¬ 
cept when making certain forming dies where it is 
necessary to have a special hard part to turn or 
form over the edge on a die. In order to weld 
high-speed steel to ordinary machine steel, first 
heavily coat the end of the high-speed steel with 
soft special iron, obtainable from the makers of 
welding outfits. This can be done without heating 
the high-speed steel to the burning point. After 
cooling, the high-speed steel can be welded to ordi¬ 
nary machine steel without burning, but experience 
is required to make a good weld of this kind. 

When a gun shop is equipped with a welding 
outfit, it is rather expensive, as the equipment 
needed is one tank each of acetylene and oxygen, 
suitable gauges, and torch and rubber hose con¬ 
nection. However, if a considerable amount of 
welding is being done it pays to add this to lhe 
shop. You can accomplish a number of tilings 
with one of these outfits, from welding aluminum 
and copper to building up or filling in metal on 
parts which otherwise would necessitate making 
new pieces and require hours of labor. Such an 
addition would perform the required results in a 
few minutes. As a student in gun work you may 
be in a locality where you could take in welding 
work and pay for such an outfit in a short length 
or time, for you are able to cut metals as w'ell as 
weld or braze these broken parts together. 

Cutting Metals with Oxidizing Flam© — The 

oxy-hydrogen and oxy-acetylene flames are espe¬ 
cially adapted to cutting metals. When iron or 
steel is heated to a high temperature, it has a great 
affinity for oxygen and readily combines with it 
to form different oxids, which cause the metal to 
disintegrate and to burn with great rapidity. The 
metal-cutting torch operates on this principle. 
Ordinarily, two jets or flames are used; first there 
is an ordinary welding flame for heating the metal; 
this is followed by a jet of pure oxygen which 
oxidizes or burns the metal. The kerf or path left 
by the flame is suggestive of a saw-cut on some 
torches. The oxygen jet is obtained by the appli¬ 
cation of a separate cutting attachment to a regu¬ 
lar welding torch. This attachment is little more 
than a pipe containing a tip which supplies a pure 
oxygen jet close to the regular. heating flame. 
Torches are also designed especially for cutting. 

Operating the Cutting Torch — When starting 
a cut, the steel is first heated by the welding flame, 
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then the jet of pure oxygen is turned on. The 
flame should be directed a little inward so that the 
under part of the cut is somewhat in advance of 
the upper surface of the metal. T his permits the 
oxid of iron produced by the jet to fall readily out 
of the way. If the flame were inclined in the 
opposite direction or in such a way that the cut 
at the lop were in advance, the oxid of iron would 
accumulate in the lower part of the kerf and pre¬ 
vent the oxygen from attacking the metal. The 
torch should be held steadily and with a cone of 
the heating flame just touching the metal. When 
accurate cutting is necessary, some method of me¬ 
chanically guiding the torch should be employed. 

The maximum thickness of metal that can be cut 
by these high-temperature flames depends largely 
upon the gases used and the pressure of the 
oxygen. The thicker the material, the higher the 
pressure required. When using the oxy-acetylene 
flame, it might be practicable to cut iron or steel 
up to 7 or 8 inches in thickness, whereas with the 
oxy-hydrogen flame the thickness could probably 
be increased to 20 or 24 inches. The oxy-hydrogen 
flame will cut thicker material principally because 
it is longer than the oxy-acetylene flame and can 
penetrate to the full depth of the cut, thus keeping 
all the oxid in a molten condition so that it can 
easily be acted upon by the oxygen cutting jet. 
A mechanically guided torch will cut thick material 
more satisfactorily than a hand-guided torch, be¬ 
cause the flame is directed straight into the cut 
and does not wabble as it tends to do when the 
torch is held by hand. With any flame, the cut is 
less accurate and the kerf wider as the thickness 
of metal increases. In cutting light material, the 
kerf might not be over y lti inch wide; whereas, 


for heavy stock it might be Vi or % inch wide. 

A few of the purposes for which cutting torches 
are commonly employed are as follows: for cutting 
steel wreckage, steel piling, steel beams in struc¬ 
tural work, risers from steel castings, and openings 
through steel plates. These torches are never used 
for such work by the gunmaker, except in the 
manufacturing division in the tool and die depart¬ 
ment, to cut die openings in the die plates, etc. 

High and Low Pressure Torches — The dif¬ 
ference between high and low pressure oxy-acety¬ 
lene welding and cutting torches, according to the 
genera! 1)' accepted meaning of these terms, is the 
pressure of (he acetylene gas. The oxygen, in 
each case, is under a pressure of one or two atmos¬ 
pheres. With a high-pressure torch, the acetylene 
has a working pressure of one point or more 
(depending upon the nature of the work); in the 
low-pressure type, the acetylene gas only has a 
pressure of a few ounces. The operation of the 
low-pressure torch is on the principle of an injec¬ 
tor, in that the jet of oxygen draws the acetylene 
into the mixing chamber which is the torch tip. 
The proportion of oxygen to acetylene varies some¬ 
what with different torches; it usually ranges be¬ 
tween 1.14 to 1 and 1.7 to 1, more oxygen being 
consumed than acetylene. 

With the foregoing information, the student can 
accomplish such work most economically when 
only a small amount is to be done. Tn doing any 
welding or bending on bolts, the working parts 
must be protected with moist asbestos or some 
other protective material. There are also processes 
of welding by electricity, but these are never used 
by the gunsmith. 



CHAPTER XXVn 


Field Repair Kits 
and Devices 














CHAPTER XXVII 


Field Repair Kits and Devices 


E VERY man who plans for a long hunting trip 
should be well prepared to accomplish any 
one of a number of small field repairs on his equip¬ 
ment, for altho the fine arms of today are con¬ 
structed from the best steels, accidents do happen, 
and when the individual who is unable to make 
repairs has the misfortune of breaking or damaging 
his gun during the trip, he is indeed in a bad way. 
The repairs that can be made on any arm depend, 
of course, upon the implements available and the 
resourcefulness of the hunter. For any well- 
planned expedition, regardless of its length, there 
are certain things that everyone should carry and 
certain facts that he should know. The outfit 
should con Lain those accessories needed for prop¬ 
erly taking care of arms, such as cleaning rods, oil, 
bronze cleaning brushes, grease, and flannel 
patches. Spare parts should also be included for 
those parts which are most likely to break on a 
rifle or shotgun. The essential ones for a bolt- 
action rifle are: striker, extractor, ejector, maga¬ 
zine spring, and shell extractor; and for a shotgun 
or double rifle, a set of strikers, extra main springs, 
and top lever spring. 

A repair kit composed of various small tools and 
spare parts is a convenient if not absolutely essen¬ 
tial addition to any well-planned trip. When a 
particularly long and hard journey is planned, a 
special box should be made similar to a shooting 
bag, but of fiber, or made like a small suitcase 
with good strong straps. Just what kind of kit is 
to be carried depends on how extensive the hunt 
is to be. The man who is only out for a week 
includes only the bare necessities; but on a trip 
to last a. month or more, he should be on the safe 
side, collect a number of tools, and place them in 
a small shooting hag or fiber case. F.ven tho they 
are not used at that particular time, they will be 
of service elsewhere. The hunter himself should 
decide just what tools the kit is to be composed of. 
If he cannot compile a list for himself after he 
has become familiar with the vast number of tools 
described in these volumes, then all I can suggest 
is that he carry along an extra gun—to take care 
of any emergency that might arise—or include a 
trained mechanic in the party. So, instead 
of giving a list of tools, I will here offer 


some suggestions that should be far more useful. 

Repairs to Broken Stocks — One of the most 
serious accidents which can happen to a gun is the 
breaking of the stock at the grip. However, such 
a break is easily repaired in the field, even tho it 
be in some isolated and wild country. It may be 
securely spliced in a number of different ways. 
First, glue the stock as well as possible and wedge 
in such a manner between two objects that when 
the glue dries it will be possible to work around 
the break. Cut grooves parallel to the break and 
lay into these grooves pieces of hardwood cut from 
the surrounding section—if in the tropics, bamboo 
splinters may be used. Glue these into the grooves, 
allowing the splices to stand well above the stock; 
tightly wrap twine or wire around these and again 
allow the glue to set. When it is dry, remove the 
binding, whittle down the splices flush with the 
stuck, and then tightly wind wire around these; or 
if not wire, then wax thread, fine leather lace, or 
green rawhide. Green rawhide, regardless of the 
animal from which it was obtained, has been very 
well known, especially to the western pioneers. 
This has been used for many purposes, even to 
building corrals; for when once dry it is as strong 
as any material known. Cut the green hide in 
strips and tightly bind and tie each piece, allowing 
the hair to remain on the outside; or the hair can 
be removed first by soaking the strips in warm 
water and wood ashes. Scrape both sides, wipe 
the laces dry, and bind these around the breaks. 
When completed, place the stock upon two forked 
sticks over a wood fire, high enough so that the 
flames cannot reach it, and the heat from the fire 
will dry this rawhide as hard as iron. 

It often happens that a break is straight across 
the grip. In such a predicament, without rawhide 
or glue, various other means of a primitive nature 
must be found. Rosin and gums from various trees 
may be collected, together with strips of strong 
bark or vines. Splints are made and these inter¬ 
locked along the sides of the break below the sur¬ 
face. The necessary grooves can often be made 
and dovetailed with only a pen-knife. When all 
parts are in place, insert the gum or rosin and 
bind the outside with the strips of bark or vines 
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until a solid strong joint is formed. It requires 
ingenuity to improvise with the help of nature, but 
such efforts will improve your skill. 

Action or Top-lever Breaks — Shotguns and 
double rifles are most likely to be put out of com¬ 
mission. The action or top-lever spring often 
breaks, but this should not in any way affect the 
utility or safety of the arm. It will merely mean 
that you move the top lever into the locked posi¬ 
tion when the gun is closed, instead of snapping 
it as you have been accustomed to doing. A rub¬ 
ber band may be placed on the lever as a means of 
reminding you to lock the lever completely in 
place, even tho the band acts as a rough spring. 
The strikers or firing pins in ordinary shotguns and 
double rifles will become useless after continuous 
wear, owing to the hardened tumbler flattening the 
head of the striker, shortening its travel, and 
causing frequent misfires. Before starting on a trip 
with such arms, always have a set of extra strikers 
made from the best spring or chisel steel to replace 
the original strikers when this occurs. In guns in 
which tumbler and striker are one and the point 
itself strikes against the primer of the cartridge, 
the flattening of the striker does not occur and 
breakage is rare. 

Dents in ShotgMn Barrels — One of the most 
common accidents to shotguns far from the beaten 
path is the denting of the barrels against rocks, etc. 
Whenever the dent is a bad one, do not try in any 
case to shoot the gun until the barrels have been 
repaired, for firing out a badly dented barrel inva¬ 
riably causes the barrel to bulge considerably and 
oftentimes fractures it at the dented section. The 
following instructions are most expedient for re¬ 
moving the dent: After removing the barrels from 
the action, insert in the dented barrel a wooden 
plug whittled from hardwood to a size close to that 
of the bore, and taper it on one end. Insert from 
the chamber end and pass it forward with a wooden 
rod made for that purpose—or even with a good 
cleaning rod with the brushes removed. Pass it 
forward until the obstruction caused by the dent 
is reached. If the barrel is lightly hammered with 
a small hammer and the pressure on the inside 
maintained by forcing the plug past the dent, the 
bulge may be raised. It may be necessary to 
use various-sized plugs and repeat the operation 
until the barrel is as near normal as possible. The 
barrel should be warmed during the process by 
applying a hot iron to the outside of the dented 
or bulged part, especially when it is a bruise that 
reaches deep. Be very careful not to get the 
plug caught in the barrel. If a lead plug can be 


made, the operation will be greatly simplified; and 
a slightly tapered iron or brass plug is much better 
than a soft lead one. If a hard metal plug can be 
obtained near the required size it can be rolled 
with paper until of the correct diameter. The plug 
should be larger than the bulge or dent. 

Repairs to Bolt-action Rifles — On bolt-action 
rifles, there are usually four parts which need 
replacement; shell extractor, shell ejector, maga¬ 
zine spring, and striker or firing pin. If any of 
these should break, it would be preferable that it 
be either the magazine spring or ejector. If either 
one of these is broken it makes the gun only a 
single-shot arm, which is rather an annoyance 
whenever more than one shot is required, but a 
broken extractor or striker puts the arm com¬ 
pletely out of commission. A broken ejector re¬ 
quires the removal of the fired shells with the 
fingers, and to make a substitution on a Springfield 
rifle means disassembling the arm to drive the 
keeper pin out. Therefore, a good screw-driver is 
necessary to take out the front and rear guard- 
screws. To remove the pin, drive out from the top 
side and place new ejector in position. The Mauser 
action is simpler, as only the screw is removed 
from the bolt stop, sliding out the ejector. The 
replacements of all these parts can easily be accom¬ 
plished in the field except for the Springfield ejec¬ 
tor, and that can be done if it is possible to secure 
the Government screw-driver which is a standard 
supplied for Springfield rifles as a field screw¬ 
driver. 

The above replacements can often be carried in 
the butt stock of a rifle, even tho they do add a 
little weight to the arm, for it often happens that 
just such a part is needed at the most unexpected 
time. The inexperienced man may say, “I would 
never load my rifle dow r n with such useless parts.” 
Perhaps he may never have the experience of a 
broken rifle in the field, but it is the canny indi¬ 
vidual wdio looks ahead and uses every precaution 
to keep some slight mishap from ruining his entire 
trip. Let a small accident occur to the person 
who never thought this preparation necessary, and 
on the following trip he is the most careful of men. 
It takes the unexpected to teach a hard and well- 
learned lesson. 

♦ 

Sights — Extra sights are one of the most neces¬ 
sary things to carry on any trip, particularly the 
frail and thin-blade front sights with small ivory 
and gold beads. All front sights should be placed 
in their position with a screw that can be easily 
removed with a small screw-driver. Most factory 
arms have their sights fastened by small pins 
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driven through the base and blade. Such an 
arrangement should always be looked over before 
the trip, as a pin is next to impossible to remove 
in camp without the proper means of holding the 
muzzle firmly. For this reason screws are pre¬ 
ferred. As there are a variety of rear sights it 
will be a hard matter to give any instruction on 
these. The three different types are the leaf, aper¬ 
ture, and telescope. These, of course, can become 
damaged in various ways, but as there is always 
a means to straighten, tighten, or bring them back 
in alinement, I shall not offer any suggestions ex¬ 
cept for a particular type of emergency sight. 
Leaf sights set in a base on the barrel arc usually 
a form of emergency sight resorted to when an 
aperture sight is used. If the leaf sights fold 
down on the base when not in use, it is very seldom 
possible to damage them in any way, even from 
a had fall. As they fold they have a spring to 
hold them both in an upright and retarded posi¬ 
tion, and there is never any danger of their being 
at a half-way point to catch upon any object. 
When wanted for use, all that is required is to 
snap them into position with the fingers. Those 
who use an aperture sight may never require the 
use of this, altho it is a means of checking the 
peep-sight. The curious person around camp is 
usually tempted to fool with the knurled nuts; 
occasionally the spring becomes weak and allows 
the windage nut to turn when the rifle is with¬ 
drawn from the saddle scabbard or carrying case. 
Such little accidents have happened, and because 
of this a man has often had his whole trip spoiled 
by shooting and missing the only animal seen upon 
the hunt. After checking up for the reason, the 
windage is found to have moved. But with a leaf 
sight set in line at the same range as the aperture, 
it can be snapped into position at any time if you 
are in doubt of the rear after it hits an object. By 
often checking the aperture with the leaf sight, 
you know that all are in perfect alinement, thus 
allowing for the best shots. 

When a rear sight becomes damaged or broken 
off entirely because of a very bad accident, it 
usually requires a considerable amount of ingen¬ 
uity to make a temporary sight; as this is a rare 
occurrence, the sportsman must provide means of 
making a sight out of the material at hand. His 
success depends upon just how much he provided 
for such a happening. 

Obstructions in Barrels — Getting foreign ob¬ 
jects lodged in the barrel of a gun is a well-known 
source of annoyance and often a dangerous one. 
Snow, mud, and cleaning patches are three things 
which are the greatest offenders; a parted car¬ 


tridge case in the chamber is movable. For the 
latter, it is best to carry a broken shell extractor, 
which will always remove parted cases—unless you 
have a bad chamber, in which instance you must 
consider a rifle completely out of commission 
unless you have provided for such an emergency 
as described in Chapter XVII, Volume II. A good 
strong steel-jointed cleaning rod having short joints, 
which fit into the recess under the trap-butt plate, 
should be a part of every hunter’s equipment. It 
adds considerable weight to a rifle, but it is often 
worth its weight in gold when mud or snow collects 
in the bore far from camp. The short-jointed clean¬ 
ing rods made from y 32 -inc h drill rod, neatly made 
in joints of 6-inch lengths, are essential in making 
hunting trips successful. Chapter II, Volume II, 
contains illustrations of the cleaning rod 

made in 10-inch lengths for the caliber .30. These 
when screwed together form one continuous solid rod 
to be placed in the cleaning or emergency kit. When 
screwed apart they take up very little room. A 
pull-through is also very handy for wiping out oil, 
water, etc., or for oiling the inside of a barrel when 
away from camp for a few days. This method of 
cleaning a rifle has been in practise in the army 
for a number of years, and a specially made con¬ 
tainer has been devised to hold a pull-through on 
one end and an oil can on the other. This can be 
fitted into a recess under the butt-plate trap, and, 
being very light in weight, entails no inconvenience. 
These are rather expensive to produce as a com¬ 
mercial product, but any member of the N. R. A. 
can secure one, and they are well worth the trouble 
to have them inserted under the trap in your 
sporting rifle. 

Occasionally in some isolated districts a cleaning 
patch will become stuck in the bore. In view of 
this, it is well to make a tip to screw into the end 
of the cleaning rod. A wood screw may be used 
for this purpose; turn down the head and thread 
it to fit into the tip; by inserting this into the bore 
and turning it into the obstruction, the latter can 
usually be removed with very little effort. Such 
tips should be a part of all regular cleaning 
equipment. 

Individuals who have been allowed to use a gun 
from childhood make the most careful sportsmen 
and shots. Tt is only'the tenderfoot who fools with 
firearms. The adage, “Familiarity breeds con¬ 
tempt/’ does not apply to the knowledge of weap¬ 
ons. for the person of the “didn’t-know-it-was- 
loaded” variety is usually someone who has had 
little to do with firearms. To point a gun at any 
person should in itself constitute a criminal of¬ 
fense. All weapons must invariably be treated as 
if loaded, not only for the safety of your com- 
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panions but for that of yourself as well. In time 
this rule should be so imbedded in your mind that 
it almost becomes a religion. A state of complete 
self-possession is acquired through practise and 
the wise individual will not venture to shoot with 
his fellow men until that time comes. Remember 
that there is time for a shooter to make sure that 
every shot fired is aimed in the safe direction, and 
this without interfering with the rapidity or accu¬ 
racy of the aim. 

The student should practise handling an un¬ 
loaded gun until he can bring it up sharply and 
well to cover any object at which he is looking. 
In shooting, as in other sports, ease of movement 
is the first requirement; this is only attained by 
practise in snap shooting. To become proficient 
in the use of a gun. it is advisable to handle a 
riilc such as the Springfield a few minutes a day, 
and snap the trigger, which does not harm this arm 
in the least. However, on a shotgun a snap cap 
must be used. This practise should be adhered to 
very earnestly for at least two months before the 
hunting season opens. 

To do this snap shooting, it is best to take a 
good position, like that of an expert at the traps; 
the left foot slightly in advance, the knees straight, 
the body slightly forward from the hips, the left 
shoulder brought well forward, allowing for a 
longer reach with the left hand. The gun must 
be grasped firmly with the right hand, the index 
finger on the trigger; the left must be brought as 
far forward as will permit the arm to be quickly 
manipulated, the gun being held well across the 
body. The left hand held well forward on the 
forearm gives a better command over the gun, espe¬ 
cially with respect to its elevation; but if it is too 
far forward, it retards a change of aim from left 
to right. Through these suggestions, new ideas 
will develop and the beginner will eventually have 
the greatest respect for all firearms. He will 
always demand the best from the standpoint of 
durability and beauty, the precision of which he 
can admire every day in the year. 

While we are on the question of the selection of 
tools, study Chapter XVII, Volume II, and the ques¬ 
tion of cleaning equipment and chest which I made 
for Colonel Whelen. So elaborate a chest is not 
required, but the tools it contains are essential. 
These have been described In the chapter on clean¬ 
ing bores and removing obstructions. A tool 
kit should contain the means of repairing any 
anticipated breakdown. Often a number of the 
same tools can be used from your home workshop, 
and if you intend to make frequent journeys away 
from the beaten track, a duplicate set may be col¬ 
lected for just such purposes. Screw-drivers are 


among the most essential tools, and it is well to 
carry some extra screws, for they are apt to become 
lost; or perhaps the threads may become stripped 
from long use. 

How often has one expressed the wish for a vise 
for some repair in camp! While making the wish 
you may have been sitting upon the very material 
that nature has supplied for one. To make a sat¬ 
isfactory vise, study Figure 148-a, which is self- 



omcrgcncy 

explanatory. It is not necessary to cut down as 
large a tree as the illustration shows, but one 
which will be sufficient for the holding powers to 
clamp the object you may want to work upon. 
Before splitting the stump, make two wooden 
wedges; and for the split, insert the wedges and 
drive them in until the opening is large enough 
to hold the part. The spring of any tree trunk 
will hold an object solidly while the work is in 
progress, whether sawing, filing, or driving out 
pins. Even small parts can be filed in this 
manner; therefore, such an idea is well worth 
remembering. 

Before going on a hunting trip all extra front 
sights should be inserted in the slots and the 
weapon sighted in. Mark the exact location with 
a finely scribed line or a fine chisel mark. Then, 
when it is necessary to make the replacement, there 
will be no need of too many sighting shots being 
fired. 

I have been trying to impress upon the reader’s 
mind that tools for emergency repair jobs are im¬ 
portant, but I do not mean that the equipment 
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should be littered with numerous non-essentials, screw-driver in their packs, and with arms made 
By using a little intelligence you can judge for of the cheapest material, certainly we with the 

yourself what will be useful to you and what will advantages of our fine arms can manage with a kit 

be merely so much junk. If our forefathers existed that can be rolled up in a specially made con- 

hundreds of miles from civilization without even a tainer to be carried in a back pocket. 
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Experimental Factors Governing Small Arms and Ammunition 


W HILE this chapter will deal almost exclusively 
with the experimental designs governing sport¬ 
ing arms and ammunition, interest and profit may 
be derived from special notes on all parts in relation 
to the success leading to such developments. Glanc¬ 
ing briefly at the effect of military influence on our 
production of high-velocity ammunition as well as 
the arms to handle it, we find that it was not long 
before the merits of the caliber .30 Model 1906 
cartridge men became conscious of the advantages 
conferred by the absence of smoke, the light weight, 
and the error-absorbing qualities of the low trajec¬ 
tory at ranges outside the scope of the most efficient 
black-pow'der weapons. These advantages were no 
less appreciated by the more progressive rifle 
makers, who were also conscious of limitations as 
regards stopping power against dangerous game, 
and sought to make good this palpable deficiency 
by means other than bullet designs. In place of 
the well-tried .600, .577, .500, .475.2, .465, .450, 
.400, .375, and .350 caliber express rifles, now 
stands a range of weapons using cartridges which 
combine the advantage of the absence of smoke, 
sustainable recoil, and low trajectory over short 
sporting ranges, with adequate bullet weight and 
tremendous smashing power. 

Cartridges suitable for big game of all varieties, 
ranging in calibers from the .600 express with its 
900-grain metal-patched bullet and 7600-pound 
muzzle energy, down to the .22 caliber Hornet with 
its 45-grain bullet, developing a muzzle velocity of 
2600 f(K)t seconds, the smallest representative of the 
high-power class. In spite of the recorded perform¬ 
ances of a cartridge of this type, it is considered 
that their use. except in an extremely limited role 
and by very experienced hands, is likely to lead to 
many disappointments. Military cartridges are de¬ 
signed to serve a definite purpose, whereas the uses 
of sporting cartridges are many. It is an unfor¬ 
tunate fact that a great deal of misconception exists 
regarding the correct interpretation of ballistic data, 
with the result that disappointment is often due 
simply and solely to very gross overtaxation of the 
capabilities of even the most efficient small-bore 
bullet. 

Before these general remarks give place to the 
more detailed aspect of modern cartridge and rifle 
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experimental factors, a few brief remarks on car¬ 
tridges containing their own means of ignition other 
than center fire may be of interest. The rim-fire 
design came into use during the time of the Civil 
War for the Spencer and Remington arms. It is 
now almost exclusively confined to the popular .22- 
caliber cartridges, and being ill-designed to with¬ 
stand high pressures it is never likely to be the 
subject of wider application. Another fault lies in 
the large quantity of priming composition that must 
be employed, which often produces serious erosion 
in the absence of the latest developed priming com¬ 
position. Absence of opportunities for the exercise 
of extreme care and attention in cleaning the barrel 
after use usually results in disappointments; there¬ 
fore, it is difficult to place such a cartridge in a 
class for future developments, except to use it in 
connection with experiments which will answer for 
a certain factor to make an experiment successful, 
such as in an explosive bullet. 

One of the most important modern advancements 
is in the direction of “boat-tailed" bullets, “stream¬ 
lined.” as they are popularly styled. The Swiss 
can be credited with the idea: but we at the Frank- 
ford Arsenal explored the possibilities of a boat- 
tailed bullet, and developed it to what may be 
regarded as the most up-to-date and successful ex¬ 
ample of fine accuracy. The ammunition com¬ 
panies were not dilatory in placing this type of 
bullet before sportsmen of the United States. The 
United States adopted this bullet in place of the 
service 150-grain flat-base bullet about 1923. 
Switzerland had begun using it in her service about 
1912, and it soon came to be regarded by all na¬ 
tions as the must modern and successful of all 
boat-tailed bullets for military purposes. A study of 
such projectiles is evidence of recognition of the 
ballistic advantages derivable from the employment 
of the rear tajnr from four to twelve degrees. 
Figure 149 illustrates such a bullet in flight. 

Target shooters who limit themselves to service 
or National Match rifles, as well as heavy match 
barrels requiring sights and methods of considerable 
refinement, may well interest themselves in explor¬ 
ing the possibilities offered by improvements of the 
cartridge bullet, and barrel for better accuracy. 
Figure 166 shows a flat-base bullet in flight. Note 
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Fig. 149 

Viow of a caliber .30 boat tailod bullet in flight—the result of Dr. Dayton C. Miller's study on this 
subject Note the effects at the base, of stream-lined design, in air resistance 


the difference in the rear vacuum as compared with 
the boat-tailed bullet. 


is completely determined; the cartridge case must 
be as full of powder as possible, otherwise weight 
and space are wasted in carrying a cartridge case 
larger and heavier than that which is absolutely 
necessary. 

The design of the cartridge head is an important 
feature, and the principal types are illustrated in 
Figures 150, 151, 152, 153. Countries which use a 
head such as that shown in Figure 150 are France, 
Russia, Great Britain, Roumania, Holland; it is 
also used in a number of sporting cartridges, espe¬ 
cially those used in large double express rilles as 
well as sporting cartridges of smaller caliber. The 
cartridge is held in position in the chamber by the 
front of the rim or fiange bedding on the face of the 
barrel. This type is made expressly to avoid fail¬ 
ures caused by wear of the chamber or short length 


The Cartridge Case — The problem of design¬ 
ing a military cartridge case as well as the bullet 
is much more simple than the corresponding prob¬ 
lem for sporting purposes. In the latter case a 
complete and accurate knowledge of the behavior 
of all propellents under all conditions is required 
because of their many kinds. In the former case 
the conditions are so strictly limited that there is 
but little scope for radical changes from existing 
models. 

In a cartridge case for military arms as opposed 
to sporting rilles the limits of size and weight are 
all-important, and the problem is confined to a 
design of maximum efficiency. Therefore, one point 
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Fig. 150 

Rira cartridge case 


of cartridge case. Greater tolerance between the 
head and shoulder can be given in the manufacture 
of such a case. This cartridge is less expensive to 
manufacture than the rimless, but fur the nianufac- 
ture of rifle and machine guns or automatic arms 
the projecting rim requires more expensive tools. 
A rim case is hard to feed, because the rim catches 
on other cartridges or other projections while being 
fed from the magazine to the chamber. 

Figure 151 is the rimless cartridge case as used 
by the United States, Switzerland, Germany, Italy, 
Spain, etc. This type of head is becoming stand¬ 
ardized, not only in military cartridges but in sport¬ 
ing cartridges when a new case is designed. The 



Fig. 151 

Rimless cartridge case 


cartridge rests in position in the rifle chamber by 
reason of the fact that its shoulder forms an abut¬ 
ment against the chamber shoulder, which acts as a 
positive stop. Such a cartridge case is slightly 
more expensive to make than the rim type, but 
packs, “feeds,” and extracts more satisfactorily. 
The extractor groove must not be too deep or the 
head will be unduly weak. 



Fig. 152 

Seml-Rlmless: such a design is questionable 


Figure 152 is the semi-rimless, which is between 


a rim and rimless case. This form is intended to 
provide the certainty of position of the rimmed case 
without the disadvantage of a prominent rim. The 
success of its attempted compromise is very ques¬ 
tionable. 

Figure 153 is the belled type, an attempt to 
strengthen the case if it is at the rear, which is only 
a compromise for the allowance of metal on the 
inside of the case. The metal formed as a band 
on the outside could be placed on the inside, mak¬ 
ing greater strength and at the same time allowing 



sporting-rifle cases of large caliber 

a case with no projection. Cartridge cases of this 
design are only suitable for sporting arms; they do 
not meet all military requirements. 

Primer Pockets — The primer pocket and flash 
hole or “vent” are provided to conduct the primer 
flash to the powder charge. Anvils are integral 
with the case when Berdan primers are used. The 
contour of the anvil is very important, as well as 
the location of flash holes, when this form of primer 
pocket is to be used. All American manufacturers 
of cartridge cases use the center flash hole of 0.08- 
inch diameter and a square-bottom primer pocket, 
allowing the anvil as a separate component. The 
diameter of the primer pocket or chamber is subject 
to certain limitations, particularly in the rimless 
design of case; therefore, the greater diameter is 
0.250-inch, which can be combined with the deep 
extractor groove. The form of metal ring separat¬ 
ing the two may be insufficient to withstand the 
back-thrust without undesirable expansion and al¬ 
low the primers to drop out in extraction. 

The primer pocket used for the Berdan type of 
primer with the anvil in the center of pocket has 
two needle-like flash holes no greater in diameter 
than 0.03 inch, whereas, all American-manufactured 
cases have the 0.08-inch center flash hole. Such a 
large diameter of vent is required for reasons of 
anvil obstruction in the primer itself, which does 
not allow a direct route into the vent. In a case 
with the center anvil integral and two needle-like 
flash holes on the side, there is a greater tendency 
for a more even ignition of the propellent charge. 
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Figure 143 illustrates this point between the two 
types of primer pockets. In the Berdan type there 
is a tremendous pressure set up at the instance of 
the ignition of the detonation charge. The two 
needle-like holes for the flame to rush through en¬ 
able the flash to travel into the powder charge. 
This is what is called twin ignition, and at the peak 
of the high pressure very little back pressure escapes 
into the primer pocket; such pressure would tend to 
enlarge the pocket and allow the primer to drop 
out in extraction. The large flash hole in our Amer¬ 
ican cases enables the gas to return into the primer 
pocket with a pressure equal to that inside the case, 
allowing expansion of the pocket in many instances. 
What is really required in a primer pocket where 
the anvil is a separate unit, is two flash holes 
needle-like in diameter, placed at an angle starting 
from the edges of a slight depression at the bottom 
of the primer pocket. Not only would the gas 
flame be hotter as it passes through the two holes, 
but it would penetrate the powder grains at a 
greater speed. 

The question may arise as to what other means 
of detonation could be satisfactorily used in place 
of our present means of primer ignition. Naturally, 
the first suggestion would be an electrical contact. 
This idea was experimented with at the Frank ford 
Arsenal and found unsuited to small-arms require¬ 
ments, and it is questionable if such an idea could 
ever be satisfactorily worked out in view of the 
many complications entering the design. 

Automatic Arms — The necessity for automatic 
weapons has become an accepted fact since the 
World War. Such an arm for sporting purposes 
should be banished altogether, owing to its destruc¬ 
tive effect on our fast-disappearing game. The only 
field open for it is in military operation, whereas 
the experimental field is only open to those who 
wish to produce a more efficient weapon. To this 
end a brief consideration of the evolution of design 
may assist the experimental engineer. Men work¬ 
ing on experimental designs often desire such in¬ 
formation. 

The primary object of any automatic arm is the 
economical development of fire control in the hands 
of excited men in action. Tactics with a new 
weapon are necessarily in the main only experi¬ 
mental. Still, tactics and design must be mutually 
reliant, and therefore the design of such a weapon 

must be influenced bv the tactical needs which it is 

• 

intended to satisfy rather than by considerations of 
purely mechanical efficiency. During time of war 
the process of design keeps pace and is more or less 
.*uled by the needs of the moment. During the long 
periods of neace' time, needs are only studied and 


tend to reach a condition of eliminative compensa¬ 
tion and stability. Thus it remains true that for 
general purposes any new weapons are involved 
with actual experience with the experimental 
arms. 

These automatic arms can now be examined more 
thoroughly at the Springfield Armory, as they have 
become a standard for the United States Army in 
the caliber 0.30 class. Their advantages and dis¬ 
advantages can easily be determined. We discover 
that the rush of gas through the barrel at so high 
a temperature causes a slight evaporation of the 
metal surface, which is a wasting of the metal. To 
neutralize this condition, the barrel alloy should be 
made near to a high-speed steel similar to that used 
for cutting tools. The wear due to functioning of 
the bullets could be considerably reduced by mak¬ 
ing barrels of steel with a high tungsten content. 
The manufacturing difficulties will be greater than 
with the standard barrel steel now in use; the 
principal obstacles will be found in obtaining suit¬ 
able cutting and rifling tools, the long time neces¬ 
sary for machine operations, and the consequent 
increase not only in the labor involved but in the 
expense of the steel as well. With the advance of 
time it will be found a simple matter for some of 
our large steel mills to work out a suitable steel for 
this purpose. 

Constant lubrication of the bore reduces friction. 
Various methods have been tried in experiments 
with the service arm, including greasing the bullet 
and oiling the entire cartridge; but so far it has 
been found that the objections far outweigh the 
slight gain. Grease and oil collect grit and are also 
liable to be rubbed off, while if the bore is to be 
lubricated at all it is essential that the lubrication 
be consistent; otherwise accuracy is impossible. A 
far more harmful effect is met with when any form 
of lubricant is allowed to remain in the chamber; 
therefore undue stress is thrown on the breech 
mechanism through the failure of the case to grip 
the walls of the chamber, while extraction may be 
found more difficult through the carbonization of 
the lubricant and the collection of grit. Figure 154 
shows how the breech pressure is increased on the 
head of the bolt. 

The firing of special ammunition such as Tracer, 
Incendiary, Armor-Piercing, and other ammunition 
of a similar design, is liable to form abrasives, as 
some bullets contain chemical compositions, the re¬ 
action of which, in many cases, commences before 
the bullet has left the barrel and may have a very 
injurious effect on the metal. These facts have 
increased the importance of the essential part of the 
weapon—the barrel—demanding not only that it be 
made of special steel but that the metal be treated 
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Fig. 154 

Chamber pressures of lubricated and dry ammunition. Caliber .30 National Match flat-base bullet. 
Note how suddenly the pressure curve rises when the case is given a slight film of grease 


with some substance in the bore to reduce friction 
to the lowest possible degree. 

The modern tendency in designing an automatic 
arm is to arrange the components so that they inter¬ 
lock with each other; this has the advantage of 
eliminating a considerable amount of nuts, pins, and 
screws which are always becoming loose. Any at¬ 
tempt toward inaccessibility must, of course, be 
avoided, or else delay may be introduced by the 
replacement of worn or broken parts. 

The design should be such that the arm cannot 
be made to fire unless the action is fully closed and 
the cartridge properly supported, i.e., mechanically 
safe; even then it should only be able to fire 
through the operation of the trigger mechanism, or 
an arrangement of fire control, the efficiency of 
which must be proof against any undue cause, such 
as a sudden jar. Safety devices should be so ap¬ 
plied that their function is accomplished by a single 
simple movement. The most efficient design, tho 
not always practical, is one which positively pre¬ 
vents movements of the trigger and has no direct 
control over the firing pin or striker. 

It may be found necessary to have a special type 
of ammunition. Odd designs are permissible for 
automatic arms when they are found advantageous; 
and further, in an automatic gun barrel that is 
vented for gas operation, the vent should not be a 
detriment to the functioning of any special types of 

ammunition: nor should the entrance of the vent 

* 


cause metal to be scraped off the bullet during its 
passage over the aperture, thus causing the closing 
of the vent by the accumulation of fouling. It 
would be a great advantage if all magazines could 
be carried separately and the interchange from 
empty to replacement made rapid without loss of 
time while in action. 

It can easily be seen from the foregoing that it 
is not always practical to embody all the desired 
characteristics in one single weapon, as some of 
them are more or less mutually destructive. 
Further, the practical requirements which a par¬ 
ticular arm is intended to fulfil influence the rela¬ 
tive importance of the above considerations in its 
true design. 

Having studied the characteristics of a sup¬ 
posedly perfect and efficient experimental model, 
all of which cannot be incorporated in any one 
weapon, it is then necessary to investigate the va¬ 
rious types of automatic arms used for sporting 
purposes, which have been devised to fulfil the 
requirements for these conditions. 

Some indication should first be given as to the 
various classes into which the different designs of 
automatic weapons can be grouped. The design is 
as dependent upon the various needs the weapon is 
intended to serve, as upon consideration of purely 
mechanical efficiency; hence we face the questions 
of weight, caliber and tactical usage forming a 
basis for the differentiation of the various types. 
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Since the action of the mechanism must be au¬ 
tomatic, some source of power from within the arm 
is necessary for its operation. The cycle of opera¬ 
tions must be faultlessly performed at a high speed 
after each round is fired. The efficiency of the 
arm is, to a certain extent, necessarily influenced by 
the quality of the ammunition. Whatever feed 
arrangements arc designed for the method of load¬ 
ing, it is imperative for safety that the act of 
making the gun ready to fire does not place a car¬ 
tridge in the chamber, as a heated gun is liable to 
cause a cartridge to explode. 

The Rifle and Accuracy — It is only within 
recent times that the movements of a rifle on firing, 
and its effects on the line of projection of the bullet, 
have been thoroughly understood. Early riflemen 
could not trace any fall of the bullet or ball from a 
muzzle-loading rifle in the early part of its flight, 
partly because the fall was in fact small, and partly 
also because, when the weapon had been carefully 
alined on the mark, it was assumed that the bullet 
left the muzzle in that time; this encouraged, if it 
did not originate, the theory of a “point-blank'’ 
range over which no fall occurred. 

The true explanation—that the whole weapon 
moved before the bullet left it—was long in being 
understood. A service Springfield rifle fired from 
the shoulder recoils about 0.100 inch before the 
bullet leaves the muzzle, the point of resistance to 
its movement being below the center of gravity, 
which has already begun to rise. The barrel is not, 
as is often supposed, a rigid body incapable of 
bending; it is very sensitive to stress. Such pres¬ 
sure as can be put on it by the finger will bend it 
perceptibly. Like any other metallic rod or tube, 
a rifle barrel vibrates when struck, and owing to its 
proportions it more closely resembles a rod than a 
tube in the manner in which it vibrates. It is with 
its vibrations as a rod rigidly fixed at one end that 
we are more immediately concerned. In such a case 
there are two types of transverse vibration which 
can be set up; first, a fundamental vibration, in 
which the whole length of the barrel vibrates as a 
single unit, there being only one node or point at 
which the barrel is still—the point at which it is 
fixed (the brccch). Secondly, a series of overtones 
in which the barrel is divided longitudinally into a 
number of vibrating sections, each terminating in 
a node at the end neat the breech. These two 
types of vibration can ar.d usually do coexist. The 
frequency of the fundamental vibration depends on 
the proportions of the barrel, and that of each par¬ 
ticular overtone is always in a fixed ratio to that 
of the fundamental. 

The shock of the explosion naturally sets up these 


vibrations in a forcibly arranged form, and they are 
effected more or less by trueness of barrel and per¬ 
fect wall thickness; also by the taper and shape the 
barrel is turned to on the outside, by the external 
attachments, and by the manner in which it is 
stocked. The compound effect of the fundamental 
vibration and the overtones, and of the moment the 
bullet leaves the muzzle, or the inclination of the 
last few inches of the barrel in relation to the axis 
of the bore before firing, constitute the main con¬ 
tributory factor in the “jump” of the rifle. 

it is essential that the rifle when in use should 
be regularly examined and repaired if its accuracy 
is to be maintained. The forearm, if it warps at 
all, is liable to put pressure on the barrel at one 
or more points, and may alter or limit its vibra¬ 
tions, and that not consistently. Rands holding the 
barrel and slock together will have a similar effect 
if they bear rather tightly on the barrel. If the 
screws by which the barrel and action are held 
should not be perfectly true, they will be subjected 
to unsymmetrical stresses when the gun is fired. If 
the lugs on each side of the bolt, or the shoulders 
in the body on which they bear, are not perfectly 
symmetrical so as to take their bearing simulta¬ 
neously on firing, the small lateral movement which 
takes place before they can share the stress equally, 
will be enough to give a lateral movement to the 
barrel and will effect the flight of the bullet in a 
lateral direction. The use of a bolt belonging to 
another rifle may thus affect the sighting. A rifle 
clamped in a rigid test, as illustrated in Figure 13, 
Volume II, will not shoot to the same sighting as it 
will when held in the hands, and the effect of rest¬ 
ing it (for example) near the muzzle, or upon the 
trigger guard, will, as a rule, vary the sighting. 

Variations in the vibrations may arise from other 
causes also. As the bullet passes through the bar¬ 
rel, the gases behind it are exerting pressure in all 
directions upon the chamber and upon the bore; 
the entire bore is, in fact, expanded in a minute 
degree in rear of the bullet. Naturally, the bullet 
fits the bore tightly, and so far as possible makes 
a perfect seal, creating heavy friction during its 
passage. Any variation from one shot to another 
in the amount of this friction will affect not only 
the velocity, but the amount of movement which 
has been imparted to the rifle before the bullet has 
reached the muzzle. The exact point of delivery 
at the muzzle is a very serious factor; therefore the 
muzzle must be true and square with the bore. 
There are no marked effects on the form of muzzle 
selected, whether turned straight across, or formed 
with radii or angles, just so the bullet is truly 
delivered. 

The actual and relative effect of these influences 
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will, of course, vary largely under different condi¬ 
tions. A heavy barrel is less affected than a light one 
by equal stresses. A heavy charge will set up more 
vibrations and general motion than a light one in 
the same barrel. When the velocity is low, the mo¬ 
tion will have more time to develop before the bullet 
emerges, and consequently the whole disturbance 
may be equally great, tho less forcible and rapid. 

The basis of the sighting scale is obviously the 
zero position of the sights when the axis of the 
barrel receives no elevation to allow for any fall of 
the bullet, but discharges it parallel to the line of 
aim. This parallelism is established by adjusting 
the rear sight where the adjustments admit, until 
a point on the target is struck which corresponds 
with the prolongations of the axis of the barrel, the 
center of the group of shots fired being only so 
much below the point aimed at as is due to the 
height of the tip of the front sight above the axis 
of the barrel and the fall by gravity in the distance 
traversed by the bullet. 

It will be found convenient to fire at a small 
mark 25 or 50 yards distant, at which the fall is 
but small. Thus, if at 25 yards a 172-grain bullet 
loaded in the Model 1906 case is fired, we can 
state the muzzle velocity as 2440 f.s., and this 
figure may without material error be taken as the 
average velocity over this distance. The time of 
flight will then be, for 75 feet, 75/2440= 0.03075 
inch, which, squared and multiplied by *4 g 
(=16.1) gives h as 0.0152 feet ^-0.183 inches. 
Supposing that the tip of the front sight is 1.05 
above the center of the bore, as in the Springfield 
rifle, then the adjustment of the sights is such that 
the bullet strikes 1.183 inches below the point of 
aim; the parallelism between the line of sight and 
the prolongation of the axis of the bore is complete. 

It is not always possible to lower the rear sight 
as far as the zero point; still this docs not prevent 
the zero from being ascertained. Therefore, in the 
case assumed above, if the rifle is to be fired at 25 
yards with the sight set at the sighting known to 
be correct for 200 yards, the projectile will strike 
above the zero point by 52 minutes, the actual ele¬ 
vation lor 200 yards, minus half a minute (or 1 
inch at 200 yards) allowance for the height of the 
front sight. 

The value of a minute of angle is at 100 yards 
1.05 inches, and at 25 yards 0.262 inch, so that 
the point of impact should be at 0.262 x 6 = 1.57 
inches above the zero point. In this way, by firing 
at 25 yards and using any range table, the correct 
adjustment of sights for any longer range can be 
ascertained. 

It now can be understood, from what has already 
been said, that the prolongation of the axis of the 


bore as above mentioned is not the same here as 
appears when the rifle is held in a vise or in the rest 
referred to in Figure 13, Volume II, nor will the line 
of sights, when correctly set to zero, be the same as 
compared with the direction of the center of the 
bore viewed centrally from the rear of the action 
when the bolt has been removed. The vibrations 
and movements, already referred to, operate to 
disturb the rifle before the bullet has made its exit. 
The amount .of the discrepancy between what has 
been called the “constructive” zero, i.e., the me- 
chancial parallelism of the sights with the bore, and 
the actual zero that was found by firing, can be 
ascertained by careful inspection. If we set the 
sights to their actual zero point (or to some known 
higher elevation in reference to it) with the bolt 
removed, and use the rifle rest referred to in Figure 
13, Volume II, the eye looks through the bore, and 
the line of the bore is accurately directed upon 
a mark or (better) a sheet of paper with a fine 
cross line, both vertical and horizontal, at 25 or 
50 yards. (For accuracy the sighting gauge shown 
in Figure 120 should be used.) Without moving 
the rifle, the aim is then examined, and the point 
at which it is directed is marked on the paper. 
The angle by which this point differs from the line 
of prolongation of the bore (correct for height or 
front sight) can then be measured; this is the 
amount of the “jump. 0 It may be cither positive 
(upwards) or negative (downwards) in direction. 
With the Model 1906 service cartridge, it will be 
found to be between 4 and 5 minutes negative. 
With the same cartridge only loaded with the 220- 
grain bullet, it is about 6 minutes and positive. 
An obvious instance of positive jump may be seen 
in many revolvers, which have their front sights 
noticeably higher than their rear sights. 

The amount of jump varies somewhat on differ¬ 
ent arms of a similar type, fired with similar am¬ 
munition. It will also be found to vary in the 
same arm when the amount of charge is varied or 
when bullets of different weights are used (such as 
we have in the sporting loads of the 30/06 class). 
Where the rifle is unsymmetrical laterally, as when 
it has a heavy projecting bolt head, some small 
amount of lateral jump will be found. A weight, 
such as that of a silencer attached to the barrel 
at the muzzle, is sure to affect the jump consider¬ 
ably, particularly if the barrel is worn and enlarged. 

“Compensation” is a term applied to a particular 
effect of jump. If, from a rifle, you fire loads 
otherwise similar, but graduated so as to give a 
series of different velocities increasing or decreasing 
by small amounts, you will usually find that the 
shots are thrown successively higher or successively 
lower. The degree to which the change extends, 



382 


THE MODERN GUNSMITH 


of course, is limited, and when the top or bottom 
of the particular phase of variation has been 
reached the movement is reversed, after passing 
through a phase in which the changes are but small. 
Select, then, a given rifle, and fire charges differ¬ 
ing only in that they give successive increments or 
decrements of, say, 20 f.s. of velocity. Now there 
arc inevitable variations of velocity between suc¬ 
cessive shots with precisely similar loads, no matter 
how carefully the ammunition may have been pre¬ 
pared. It is obvious that, other things being equal, 
the effect of plus or minus variations of velocity 
from the standard will be that the individual shots 
will have trajectories slightly less or slightly more 
curved than the average trajectory, and that the 
line of fire will accordingly be somewhat elongated 
vertically. If, for this reason, it should happen that 
the variation in jump due to the variation on veloc¬ 
ity is of such a nature, with some particular rifle 
and charge developed, and when the bullets having 
low velocity emerge from the muzzle, they are de¬ 
livered at a slightly higher angle vertically than 
shots of normal velocity, and similarly if the bullets 
having higher velocity are directed slightly lower, 
the changes thus occurring in the angle of depart¬ 
ure will tend to bring together the trajectories of 
the different bullets, and they will in their flight 
intersect the normal trajectory at some distance in 
front of the muzzle. The effect of this will be to 
give, in the space at that distance, a much closer 
vertical concentration to the group of shots than 
would otherwise be possible with cartridges varying 
so much in velocity. In the case assumed, the ir¬ 
regularities of velocity are to a great extent com¬ 
pensated by the variations in jump; hence the term 
“compensation.” 

It will be appreciated that such a result is ob¬ 
tained only when the proportions of the rifle and 
the constituents of the cartridge cooperate in the 
desired direction. They may equally well have a 
neutral or an unfavorable influence. When the 
shots of higher velocity are directed above the 
normal and those of the lower velocity below it, the 
inaccuracies due to the varying velocities will be 
exaggerated at all distances from the muzzle for¬ 
ward. If, on the other hand, the bullets emerge 
with the vibrations at or near a neutral phase, the 
variations of velocity will be neither corrected nor 
emphasized. 

It is evident that the amount of the compensa¬ 
tion, and thus the distance at which it is most 
effective, will be greatest if with the charge giving 
standard velocity the muzzle is in the mean position 
between the extremes of the amplitude of its vibra¬ 
tions, and is, therefore, in most rapid motion. To 
diminish the range at which compensation occurs, 


it would thus be necessary that the bullet of mean 
velocity should make its exit at a part of the curve 
in which the muzzle is approaching the end of a 
vibration and is in a phase of less rapid transla¬ 
tion. It is not, therefore, usually found possible to 
adapt the vibrations perfectly from this point of 
view, since preference must be given to the wider 
considerations of the weight and proportions of the 
barrel and of the weapon generally. The condition 
of the bore is of the greatest importance to its ac¬ 
curacy of shooting. It gradually deteriorates, suf¬ 
fers from wear, as well as from avoidable damage. 

Fouling affects the mean point of bullet impact 
and is a great damage to accuracy; when excessive, 
it often leads to a slight bulge. It appears chiefly 
toward the muzzle, and often accumulates in 
lumps that are noticeable even to the untrained 
eye. 'This can be dissolved by the chemical treat¬ 
ments given in Chapter XXV. 

There is still much obscurity as to the factors 
governing the deposits of metallic fouling. In some 
cases it is certainly more readily deposited by some 
soft batches of bullets than by the harder envelopes. 
The main factor causing deposits is found in the 
minute scratches left by the barrel tools, such as 
the barrel reamers and rifling cutter, and these 
scratches are barely visible to the eye. When it 
once starts, the effect seems to be similar to that 
of a bearing which “seizes” the surface of contact, 
having become heated after lubrication has failed. 
The surface of the bullet and the bore both become 
extremely hot from friction. 

The optical examination of the barrel to ascer¬ 
tain its true condition is known as viewing. The 
procedure is as follows: The barrel is held up to 
the light in such a manner that a slight shadow is 
thrown (as from a window bar) into its interior. 
In a straight barrel the edge of the shadow will 
show a portion of a perfect cone, and this does not 
alter its shape if the barrel is revolved or reversed 
end for end. Should such faults as bulges, bends, 
crooks or puckers be present, the lines of the cone 
are distorted. At the same time other faults, such 
as cuts, scratches, tool marks, pitting, fouling, wear, 
etc., should be looked for. 

It will be understood that if a rifle is to be in 
condition to give fine shooting results it will need 
special attention in many details. Not only must 
the sights be kept perfectly clean, unrubbed and 
undamaged, but similar attention must be given 
to the stock, so that the wood will not be liable 
to warp under the influence of weather conditions 
such as rain or snow. The wood should be as water¬ 
proof as possibTe, for which purpose linseed oil or 
some such preparation should be used to fill the 
pores; thinner oils, made for cleaning or lubricating, 
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cannot be used. The muzzle of the barrel should 
not be pinched in any form so as to check its free¬ 
dom to vibrate. Screws should be watched, as they 
tend to work loose with firing; it is, however, a 
mistake to strain them by exerting too much force 
by tightening them. The condition of the trigger 
pull is of importance; it often tends to vary with 
use, and may easily become heavy enough to make 
a perfect release of the trigger difficult. It may lift 
a weight of about half a pound more than the maxi¬ 
mum weight allowed, which is three pounds for the 
service Springfield rifle. 

Factors in Rifle Shooting — Barrel —A steel 
tube closed at one end by the bull. The closed end 
(the breech) has a chamber cut in its interior sur¬ 
face to receive the cartridge. The whole interior 
surface of the tube, from in front of the chamber 
to the muzzle, is cut with spiral grooves known as 
the rifling. 

Bolt —This is a device for closing the breech of 
the barrel. In our modern rifles it is hollow and 
contains the firing pin and spring. It is fitted with 
means of withdrawing the fired cartridge from the 
chamber. It is held against the background thrust 
of the explosion by lugs which form part of the 
material from which it is made, and which bear 
against surfaces on the body of the action. 

Receiver —The housing for the bolt. It is at¬ 
tached to the rear end of the barrel by an internal 
screw thread. 

Action —The combination nf receiver and bolt, 
together with trigger, sear, and other mechanical 
parts for proper functioning of the rifle. 

Extraction Is the first backward motion, or 
loosening of the cartridge in the chamber, effected 
while disengaging lugs of the bolt by a cam effect 
when the travel reaches a certain distance. 

Bore —Is the interior of the barrel from the front 
end of the chamber to the muzzle. Oftentimes 
used to denote the gauge or caliber. The term is 
mostly used for shotguns. 

Caliber —The diameter of the bore measured 
across the lands. In American and British arms, 
the caliber is indicated in inches. In continental 
arms the caliber is indicated in millimeters. 

Headspace: Rimless —The distance between the 
face of the bolt and the angle in the chamber at the 
rear of the neck when the bolt is in its closed posi¬ 
tion. Rim is the distance between the face of the 
bolt and the rear face of the barrel when the bolt 
is in its closed position. 

Leed —The conical progression of the bore from 
in front of the chamber to the rifling; also the 
spiral given to rifling. 


Lands —The portion of the bore left between the 
grooves of the rifling. 

Free Travel —The distance the bullet has to pass 
when it leaves the cartridge case before it engages 
with the rifling. 

Clip A holder which contains a number of car¬ 
tridges, usually five, for the magazine of a rifle. 

Weight of Projectiles — In ballistic calcula¬ 
tions the weight of the projectile is always taken in 
pounds avoirdupois (7000 grains =1 lb.), but in 
tables of weights of rifle projectiles the weight is 
usually given in grains. For instance, the weight 
of the bullet for the Service Model 1906 cartridge 
is ISO grains and is always so stated. 

Sights — The human eye, like the photographic 
camera, which is exactly similar in principle, is 
unable to focus simultaneously objects at various 
distances from it. From this it follows that in 
alining two or more objects, such as the open sight 
on a rifle with the targets, only one of them can, at 
any given movement, appear perfectly defined. In 
tracing the design < f rifle sights from the simpler 
to the more complicated it will be found, however, 
that the attention of inventors has been directed, 
first, toward bringing all objects which have to be 
seen into as nearly the same focus as jxissible, and 
secondly, toward magnifying the image or target so 
as to make it more readily visible and increase the 
accuracy of aim. 

Optical Sights — Various devices have been in¬ 
vented from time to time with the object of pro¬ 
viding, by means of lenses or mirrors, simultaneous 
focusing of both the front sight or aiming point and 
the object or target without magnification of the 
latter. All have certain defects, and only practical 
principles of design shall be discussed. 

The Galilean telescope was the first principle of 
design used and embodies the leading construction 
on which all low-power field glasses are made. It 
magnifies the image or the target, but does not give 
perfect definition of both object and aiming point. 
The convex lens, which must be of greater focal 
length than the sight radius, is attached to the tube 
at the front or near the muzzle of the rifle. The 
aiming point is attached or ground into the front 
surface of this lens. The effect of such a convex 
lens is to make the rays of light from the object 
converge. The rear sight consists essentially of a 
very small aperture, which in fact has a concave 
lens to render the rays from the target or object 
again approximately parallel. 

For those who wish to experiment in this field, a 
descriptive illustration is best. To enable the eye 
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to see the object clearly the concave lens at the 
rear should have a focal length equal tu the differ¬ 
ence between the focal length of the front lens and 
the sight radius; on the contrary, the aiming point 
should be seen very clearly with a convex rear lens 
of focal length equal to the sight radius. It is evi¬ 
dent, however, that there must be a distinct amount 
of blurring of either the aiming point or the object. 
The exact amount of blurring that actually occurs 
is, therefore, greatly reduced by the small size of 
the rear aperture, which can be used to great ad¬ 
vantage. The correct diameter is about 0.04 inch. 
The actual rear lens used in practise depends on 
the desire to give better definition of the object or 
to the point of aim. The target is selected in order 
that it may not readily become invisible in bad 
light, and a concave rear lens of slightly longer 
focal length than that which the figures require to 
define the object, is used. When it is decided to 
define the aiming point, it may be that no lens at 
all will be required in the rear. The perfect defini¬ 
tion of the target cannot be obtained if the aiming 
point is to be reasonably visible, and vice versa. 

The field of view of such a sight is very limited. 
It may be calculated by finding the angle subtended 
at the rear sight by the front lens and dividing this 
by the magnification. The accidental rotation of 
the front lens must be carefully guarded against, as 
it usually introduces a serious error when it occurs. 
Rotation of the rear lens, to be sure, whenever it 
is situated behind the aperture, has no effect on the 
line of sight. 

The line of sight radius is the most important 
because, for any given magnification, the lack of 
definition is inversely proportional to the sight 
radius. Thus much more blurring will occur when 
a sight is only given a 30-inch sight radius than if 
it were possible to give it a 4.vinch radius. 

The construction of the rear sight is exactly the 
same as that of the aperture sight already described, 
except that provision must be made for a method of 
holding the rear lens back of the aperture. The 
sight, consequently, is easy to fix very rigidly, a 
marked advantage as compared with the terrestrial 
telescope about to be described. 

The Standard Telescope Sight — The essen¬ 
tial design of this sight is that of the ordinary 
astronomical telescope. A convex lens or objective, 
as it is called, of shorter focal length than the sight 
radius, is employed. The parallel rays from the 
object pass through this, and form an inverted posi¬ 
tive image at its focus. There is situated the aim¬ 
ing point, which consists of a pointed post, fine 
cross lines (known as “cross hairs”), or various 
other shapes and forms of pickets. The inverted 


image of the target or object is viewed through the 
erecting lens and eyepiece. In place of the erecting 
lens a prism has been used, after the design of the 
ordinary prism binocular. This method is not 
usually so satisfactory in the construction of a rifle 
telescopic sight. Due to the fact that the aiming 
point and the inverted real image of the object lie 
in the same focal plane, it follows that each ap¬ 
pears perfectly defined when viewed by the eye. 
This is the only sight in use at the present time 
with which all objects which must be seen while 
aiming are perfectly defined. 

When designing such a sight almost any desired 
amount of magnification can be obtained. The illu¬ 
mination with a good sight of low' power is sucl, 
that very accurate shooting can be continued in a 
very bad light. There is one possible exception— 
when the object cannot be shaded—when shooting 
toward the sun from a position in bright sunlight at 
an object in deep shade, in such exceptional cases 
the use of open sights will be found more satis¬ 
factory. In order to keep the telescope from con¬ 
tact with the face when recoil takes place, the focus 
for the eye is situated at about 3*/j inches from the 
rear line or eyepiece. This gives another advantage 
to a sight of this nature: it affords a certain amount 
of lateral relief for the eye. Accidental rotation of 
the telescope in its mountings—or of the objective 
lens, or of the cross hairs—usually produces serious 
errors for optical reasons. It can be clearly under¬ 
stood that ‘‘canting” the rifle when aiming cannot 
cause any error of this kind, but just the ordinary 
error of “cant”; because, by the act of aiming, the 
telescope must be rotated with the line of sight as 
the axis of rotation. 

Telescopic sights are completely inclosed in tubes, 
which are of various lengths according to the de¬ 
signs of the makers. Telescopes the full length of 
the barrel were used at one time; they were aban¬ 
doned on account of the distortion in such a tube 
and its inability to withstand recoil. The telescopic 
sight is mounted in various designed bases rigidly 
attached to rifle harrels as well as to the action. 
Different dovetail arrangements are usually intro¬ 
duced in order to permit the sight to lie readily 
attached and detached. Adjustments are provided 
for elevation or depression by moving the cross 
hairs or posts up and down by means of an ele¬ 
vating screw which has a scale inscribed on a turret 
on the top, or with a rear mount to act for windage 
and elevation as designed by Lyman and Fecker. 
Windage adjustments are now provided for in the 
objective lens, and also by pivoting arrangements 
of the base. 

In modern methods of holding a telescope rigid 
in its mounting, there is a limited amount of recoil 
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it can stand, without designing the telescope more 
rigidly to take the heavy recoil of modern ammuni¬ 
tion. Mounts have advanced further than tele¬ 
scopes in their construction, and the manufacturers 
of telescopic sights should not only make the tele¬ 
scopes but the bases as well in proportion to the 
caliber of the rifle it is to be used on. Whenever 
the least bit of lost motion occurs in the mountings, 
a hammering action is set up by the recoil, which 
upsets the adjustments and at times loosens the lens 
and parts in the telescope. 

One method of using a .22-calibcr telescopic sight 
for r>. high-power rifle is to adopt a mounting similar 
in design to the Lyman, Parker, and Pecker, which 
consists in avoiding the shock of the discharge by 
simply allowing the telescope to slide forward in its 
mountings when the rifle is fired. Such sights as 
the Lyman, Parker, and Fecker are capable of very 
fine accuracy, but they still require the utmost care 
to produce the best results on high-power rifles. 
Sights must be reset by hand after each shot, and 
are quite useless for rapid fire. 

It is apparent from the above that the main de¬ 
fect of the telescopic sight is the difficulty of keep¬ 
ing it rigid in its mountings. This is particularly 
important because of the shortness of the sporting 
type of sight base, so that the effect of any lack of 
rigidity is greatly magnified by comparison with 
that occurring with different types of sights. The 
telescopes themselves are usually so much better 
made than they were formerly, that they do not 
often give trouble when the correct mountings are 
selected. Another objection to a long telescopic 
sight is that it does not in any way follow the curve 
of a barrel which has become hot as the result of 
fast firing, particularly when attached to a caliber 
.30 Springfield. How much importance there may 
be to this is a matter of experiments with a properly 
constructed machine rest. 

There can be no doubt that this sight when cor¬ 
rectly designed is comparably the best when ex¬ 
treme accuracy is required for objects which are 
rather difficult to see with the naked eye, but it 
must be treated as a rather delicate instrument re¬ 
served for a special purpose and should have a well 
constructed case designed for its carrying when 
not in use. 

Small Arms Cartridge Cases — The manu¬ 
facture of small-arms ammunition has become a 
very highly specialized industry. The various proc¬ 
esses employed are a multitude of precision opera¬ 
tions, and a complete understanding of them 
involves a scientific knowledge of mechanics, 
physics, chemistry, and metallurgy. I have made 
no effort to cover the entire field of various designs 


for sporting and military cartridges. Their con¬ 
struction requires special technical knowledge rarely 
found in books written in the form of a treatise on 
the subject. I have been away from the arsenal 
for a number of years, and many points may be 
lacking; still, with that foundation there is at. least 
a working knowledge. The interested person seek¬ 
ing actual experience in the making of cartridge 
cases, primers, and bullets, will find it necessary to 
visit various cartridge-manufacturing plants to get 
the necessary enlightenment un the methods used 
in their fabrication. 

Apart from requirements for technical and scien¬ 
tific knowledge, the best cartridges require extreme 
precision in their development, and as the cost of 
manufacture is a matter of great importance, this 
regularity of manufacture can only be obtained by 
a mass-production layout. The science of cartridge 
manufacture at the Frankford Arsenal, over a 
period of years, has evolved special machines for 
each operation, most of which are automatic. 
New designs have been made and tried from time 
to time until low-priced mass production of superior 
products is possible. When ammunition is turned 
out in large quantities it should be done in a modern 
factory, suitably laid out and equipped with special 
modern automatic machinery, each performance of 
which is special to the operation it must perform. 
The necessity fur exact interchangeability of its 
components is guaranteed by a select organization 
governing the sequence of operations, by the sup¬ 
port of all tools and machinery, by a separate organi¬ 
zation maintaining them in a high state of efficiency, 
and by the strict elimination of defective materials. 

It is very clear that the making of small-arms 
ammunition is a serious undertaking, and any at¬ 
tempt to increase capacity very rapidly must be 
accompanied by considerable waste and also risk. 
It is essential that there should be maintained, in 
time of peace, sufficient manufacturing of new am¬ 
munition for trial purposes in the field, and to 
overcome vital difficulties of manufacture. An or¬ 
ganization possessing a practical knowledge of the 
manufacture of cartridges should be held available 
for any emergency. These unusual considerations 
ruling cartridge manufacture have been brought 
forward in the manner best suited, simply because 
the capacity of any nation to manufacture small- 
arms cartridges in sufficient quantities during the 
time of war is so very important. Very few nations 
are capable of maintaining these organizations, and 
besides it is quite impracticable during peace time; 
but if enough men would train themselves to do 
this class of work in their own experimental shops, 
as taught in these volumes, we would be a nation 
capable of rising to such an emergency when 
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the call came to man the well-equipped plants. 

The different types of military cartridges differ 
considerably in design, and a complete description 
of the various methods of manufacture for every 
nation would occupy many volumes and require a 
lifetime of study. American factories use very 
different manufacturing methods, depending on 
their own experience and the local facilities. The 
various methods may not differ greatly, and it is 
impossible to give a full description of all the 
separate details of operations. So far as the aspect 
of the question mentioned above is concerned, thi3 
country is mostly interested in the manufacture of 
the caliber .30 Model 1906 ammunition and the 
new cartridges for automatic arms; it is therefore 
proposed to bring out the designs of some of the 
caliber .50 machine-gun ammunition now standard¬ 
ized for aircraft service. The first consideration 
will be the Model 1906 cartridge, dealing with the 
scientific problems involved at the Frankford Ar¬ 
senal, as well as confining the description of the 
processes employed, with various recommendations 
for the economical production of ammunition in 
cases of emergency. 

The caliber .30, M. I. (present service bullet) 
of 172 grains, and boat-tailed, is standard for 
the United States Army. The point ol the 
bullet has been given a special ogive, and if laid 
out on paper on a scale 10 to l, a radius could 
be found near a certain number of calibers. At 
a given distance from the base is a cannelure, 
for the purpose of crimping in the end of the case. 
The bullet is held in the case by friction as well as 
a special waterproof material being coated on the 
inside of the case. Between the waterproof material, 
crimp, and friction, the bullet must undergo a 
pulling test between 150 and 250 pounds. 

The case is of solid drawn brass, and has a rim¬ 
less head at the base end by which the cartridge is 
drawn from the magazine and positioned in the 
chamber and extracted. The primer pocket is re¬ 
cessed in the back of the case with a center flash 
hole. 

The primer, which is made of brass, is pressed 
into the pocket, crimped, and waterproofed in the 
joint between the primer and case. The primer 
has a separate anvil, and this is pressed in place 
after the composition. The primer composition is 
pressed in first, and a disc of shellacked or var¬ 
nished paper pressed over it. Then the anvil is 
pressed in position. 

There is for this cartridge an improved military 
powder which has a nitrocellulose base and is known 
as a “progressive” type; that is to say, it is im¬ 
pregnated to a certain depth with a deterrent which 
has the effect of slowing the rate of burning during 


the early stages of combustion. Since there are so 
many types as well as weights of bullets used for 
sporting purposes with the caliber .30 Model 1906 
case, various types of powders are employed to se¬ 
cure the best ballistic qualities. 

Factory Layout — The manufacture of small- 
arms ammunition is divided into three sets of op¬ 
erations. The first operation takes place in the 
cartridge-casc shop, where the cases are drawn, 
headed, annealed, tapered, etc. The second opera¬ 
tion embraces the bullet from the draw to the final 
assembly. The third operation includes loading as 
well as primer assembling. There should be a 
fourth department in the larger plants, and the 
fourth operation would consist of rolling the sheet 
brass and bullet metal, using either cupro-nickel or 
gilding metal; but since the brass plants are so 
well equipped for such a purpose, it would be more 
economical to have such plants manufacture the 
cup rather than pay freight on the waste or scrap. 
All these operations take place in separate buildings, 
but under the supervision of one general planning 
room. 

The layout for the cartridgc-casc division should 
be such that the movement of the finished opera¬ 
tion, backward and forward, is reduced to a mini¬ 
mum. Machines used for slow, tedious operations 
requiring several machines, should naturally all be 
alike, due to the simplicity in the making of tools 
as well as the extra parts needed to keep the ma¬ 
chines running continuously. They should be 
placed in locations which facilitate supervision, 
and to some extent prevent mixing with other cases 
in different stages of the operations. 

A considerable amount of annealing and pickling 
takes place in connection with the case-drawing 
operation, and the heat and fumes from the anneal¬ 
ing furnaces cannot be avoided. The pickling proc¬ 
esses involve the use of acids; therefore it would be 
desirable to arrange these operations in a separate 
wing of the factory, but still accessible to the draw 
presses. A cartridge case must be annealed several 
times, as well as washed and water-polished several 
times throughout the operation. The annealing 
division should be accessible to the factory, and the 
various machines for the operations which immedi- 
ately precede or follow an annealing process should 
be located near the annealing room, as well as the 
washing and water-polishing operations. 

In the case of small-arms manufacture of ammu¬ 
nition, regularity of operations can only be obtained 
by very accurate tools made in a well-organized tool 
room. All tools should be strictly interchangeable. 
Gauges are made to keep the tools up to the stand¬ 
ards expected of their performance, as is always the 
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case in a highly specialized factory of this nature. 
To turn out tools in very large quantities, the mak¬ 
ing of them is performed by a highly skilled body 
of tool makers and specialists, the latter men to be 
trained for one particular operation in the produc¬ 
tion of tools. The latest and best of machinery 
should be installed in the tool room and always kept 
in the best condition. 

The various components arc made to small toler¬ 
ances and are placed in operation many times. 
Small-arms gauges wear out very rapidly, and for 
this reason special gauge makers should only per¬ 
form this work in the tool room. One man should 
be responsible for collecting the gauges from the 
different operations each week and leave new gauges 
in their places. Therefore it is found necessary to 
provide a number of extra sets, as well as masters 
for checking returned gauges. 

The work in the loading room is done in spe¬ 
cially-built machines which place the exact weight 
of powder charge, insert the bullet to the correct 
length of gauge, and also crimp the end of the case 
into the cannelure. Suitable clothing should be 



Fig. 155 

Cartridge loading machine. This machine gauges the 
powder charge, inserts the bullet, and crimps the end 
of the case in the bullet cannelure 


worn by all employees, including rubber shoes. The 
possession of matches or other means of striking 
fire should never be allowed inside such a room. 
Knives or any other steel implements that can be 
carried in a pocket should be forbidden. This de¬ 
partment should be disciplined with special rules 
and known as the Danger Building. These rules 
should also govern the primer assembly operations. 
Some means must be provided for controlling the 
hygroscopic conditions of a loading room to suit 
the powder being loaded. A proof house as well as 
a rific range is required within easy reach of the 
loading room, equipped for taking velocities and 
pressures for the correct development of change 
when loading. 

Cupping —The two most important considera¬ 
tions in any cartridge case are, first, the brass 
should be uf the best quality, and second, after the 
completed operations the various parts of the case 
should have a certain degree of hardness. 

The double-action presses are made powerful and 
carry five punches in which discs are first cut out 
of the sheet-brass strip, and the inside punches 
form these into cups. Figure 156 illustrates a 
press on which this operation is performed. As the 
punch descends over the metal strip it cuts out a 
disc. In the center of the blanking punch a 
separate punch descends, which forms the cup out 
of the blanked disc, and is then stripped from the 
punch against the sharp edge on the bottom of the 
die. 

Should the sheet brass be heavier or harder on 
one side than on the other, there is the possibility 
of the cup being thicker on one side than on the 
other. This is very objectionable, as such a fault 
continues on through all the various operations and 
appears in the finished case. The waste on the 
brass strip is cut to a minimum. The position of 
the dies is so arranged in the die plate that stag¬ 
gered blanks arc made possible. This necessitates 
the use of a double-action press, and the strip fed 
forward by feed rolls is in a straight line. The 
scrap as it emerges from the opposite end is cut 
or sheared for convenience of handling. Usually 
five sets of tools are used, and make five cups on 
each stroke of the press. The blanks, however, 
are not punched on the center line of the strip. 
For these reasons it is essential that the strip must 
be of even thickness; it is particularly important 
that it should be the same thickness on both sides 
as it is in the center and at the same time perfectly 
annealed the full length of the roll. 

After the cups are made they must be annealed. 
In this and the following draws which take place, 
the cases consist of a great number of small pieces, 
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15. Fourth anneal 

16. Pickle 

17. Water polish 
IS. Fourth draw 
1<». Fifth draw 

2C. First wash and dry 

21. First trim 

22. Pocketing 

23. Heading 

24. Vent punching and pocket sizing 

25. Head turning 

26. Second wash and dry 

27. Body anneal 

28. Tapering and plugging 
20. Third wash and dry 

30. Second end-trim 

31. Point anneal 

32. Wash and water polish 

33. Case inspection 

34. Primer inserting, also varnishing primer 
and mouth 


Fig. 156 

Double-action press, capable of producinq 20.000 
cartridqe cups per hour 


First Draw — The cups now pass to the first 
drawing operation to be drawn gradually into longer 
tubes. This operation of “drawing*’ consists of 
passing the cups through two draw dies and a punch 
so made that the correct percentage of reduction 
in the brass will be drawn out for the following op¬ 
eration. The punch is made smaller than the in¬ 
ternal diameter of the cup, so that some of the 
metal in the base of the cup is transferred to the 
walls. The dies are also made smaller in diameter 
than the cup, and the difference in diameter be¬ 
tween the punch and the dies is such that it 


and the annealing furnaces usually take the form of 
cylindrical drums with a slow revolving cast-iron 
worm which passes the pieces through in a given 
time, the furnaces being maintained at a fixed tem¬ 
perature, generally between 1100 and 1150 degrees 
Fahrenheit. After annealing, the cups are “pickled" 
or cleaned by immersion in diluted sulfuric acid, 
rinsed in water by being placed in circular wooden 
rumbling barrels, allowing a stream of water to 
play upon them as the drum revolves. They arc 
then placed in trucks and brought to the first draw 
press, known as the first drawing operation. 

The sequence of operations is as follows: 

Operation Number 

1. Blanking and cupping 

2. First anneal 

3. Pickle 

4. Water polish 

5. First draw 

6. Second anneal 

7. Pickle 

8. Water polish 

9. Second draw 

10. Third anneal 

11. Pickle 

12. Water polish 

13. Third draw 

14. Bumping 


Fig. 157 

First and second operation draw press, friction dial feed, 

for rifle-cartridge cases 
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lengthens them and also thins the walls. This 
draw press is illustrated in Figure 157. The cups 
are placed upon a revolving feed plate. The press 
also carries two punches. A separating piece of 
metal is so arranged that they are always in their 
correct positions to be fed over the dies when the 
punches descend. The punch then descends and 
passes them through the die, from which they 
emerge in the correct length. Second, third, fourth, 
and fifth drawing operations are performed in a 
similar manner, but with a different design of feed 
mechanism. 

The amount of drawing nr the percentage of re¬ 
duction which can be dune in each operation is 
dependent on the extent to which the brass can be 
distorted without hardening the metal. A cartridge 
case is usually drawn five times, except in cases of 
smaller shells. After each draw, except before the 
last, the cases are annealed and pickled in a diluted 
sulfuric acid bath to remove the scale, and then 
water-polished. 

Bumping — Between the third and fourth draw¬ 
ing operations is the “bumping” process, which flat¬ 
tens and slightly concaves the base of the case. 
Advantage is taken of the opportunity at this point 
to reduce I he very large radius or crown at the base, 
so that the metal at that point can be flattened 
both on the inside and outside, while the case is in 
an annealed stale. This operation consists in press¬ 
ing the base of the case between two punches. A 
die acts as a means of holding the outside size to a 
given diameter. This operation is more or less im¬ 
portant, since the operations that follow require a 
flat surface to work from; and at the same time it 
allows a given wall thickness, which is easier to 
retain in the twenty-second and twenty-third opera¬ 
tions. Improvements can be made in this opera¬ 
tion, such as placing a modified pocketing process 
to relieve some of the work in the twenty-second 
operation. A machine is used similar to that shown 
in Figure 159. 

When an anvil is made integral with the case the 
outer punch is so shaped as to impress into the 
metal recess an imprint of the anvil so that the fol¬ 
lowing heading operation will be able to bring this 
up to the desired form. When a case is made with 
the anvil in a primer pocket it is very important 
that no lubrication is used as in the regular bump¬ 
ing operation; it should be kept free of grease or 
liquid on the case or the indenting punch during 
the operation, as any lubricating liquid trapped in 
the closed recess of the punch will act hydrosta¬ 
tically and prevent the anvil from forming in the 
base of the chamber. For this reason, after the 
third draw the cases are washed in a soda-water 


solution and dried in hot air. The only lubrication 
used is a cloth saturated in lard oil, which the 
operator wipes over the cases as he feeds them into 
the machine. 


Fourth Draw — The fourth draw operation fol¬ 
lows. Annealing lakes place before the cases are 
fed to the machines, and as this draw has a notice¬ 
able effect on the length of case it is realized that 
the edges of the walls become rather uneven and 
ragged. The fifth draw is arranged to make the 
cases longer than required. After the fourth draw 
operation the cases are not annealed but are fed 
to the fifth draw press after they pass through the 
fourth draw dies. Figure 158 illustrates the type 
of press used. 



Fig. 158 

Hopper-feed cartridge case draw press. This machine 
produces the fourth and fifth drawing operation on the 

cartridge case 
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Fifth Draw — Tin* fifth draw is the most im¬ 
portant of the drawing operations, and great care 
must be given the draw punches and dies. They 
must be changed very often in order to keep the 
desired standard of the cartridge case when com¬ 
pleted. The thickness of metal at the point where 
the neck of the case is formed must be held to a 
given tolerance. When new punches and dies are 
placed in the press, minimum thickness should be 
produced; then the punch and dies are allowed to 
wear to the maximum thickness. The greatest 
amount of tolerance that can be given is only 
0.0015 inch, due to the fact that any bottle-necked 
cartridge case thickens between 0.003 and 0.004 
inch in the twenty-eighth or tapering operation. 
When a case is manufactured that has an uneven 
thickness of metal, this is the operation in which it 
appears very pronounced. 

Among the gauges to be provided arc a ring 
gauge and a gauge for metal thickness. A length 
gauge should not only be provided at each machine 
during the drawing operation, but should be used to 
determine tin* correct length of case being drawn 
for the first trim. Rather a confusing situation 
exists if the fifth draw is only gauged with a ring 
gauge; working the base of the case through a ring 
gauge gives a false reading; the solid metal in the 
head creates a difference of 0.001 inch between the 
base and where the metal begins to taper off, form¬ 
ing the wall thickness of the case; therefore a dial 
metal thickness gauge must also be used as fre¬ 
quently as the ring gauge for a check. 

First Trim — After this operation the cases are 
washed in a soda solution, passed through boiling 
water, dried, and then given the first trim to a 
definite length on an automatic machine. The case 
is fed on a revolving spindle in which two sliding 



Fig. 159 

Cartridge-case pocketing and heading machine 





V ■ ;j« ■: -1 

Fig. 160 

Cartridge-case, vent-punchlng and pocket-resizing machine 

rings are held together by a spring. On the back 
of the machine a circular revolving cutter is moved 
into the cutting position by means of cams. After 
the case is trimmed, a device removes the scrap 
before another case is fed upon the spindle. Ad¬ 
vantage is taken of the softness of the head to 
carry out the pocketing and heading operations. 

Pocketing and Heading — As the trimming 
operation precedes the pocketing operation, this 
process embraces all the work of heading the case. 
In both instances the shell is supported inside a die, 
set in a heavy steel die holder, the punch passing 
inside the case. The head is formed by the punch 
which presses the metal of the head on the face 
of the die. The travel of the two punches is ac¬ 
curately adjusted so that the metal thickness is left 
exactly the correct web tolerance where the vent 
hole is punched. The heading punch is left a trifle 
smaller in diameter, and this is resized in operation 
twenty-four. The heading punch is marked with 
reversed letters and numbers showing place of 
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manufacture as well as date month and year. 
The machine used is shown in Figure 159. 

Vent Punching — Piercing of the vent hole is 
the next operation, as well as resizing the primer 
pocket. The machine (Figure 160) which per¬ 
forms this operation has a circular revolving plate 
in which a series of dies are held. The fire-hole 
piercing punch performs the first operation, followed 
in resizing of the primer pocket. Next is an indi¬ 
cator for the purpose of tripping the machine in 
case a hole is not pierced due to a broken punch. 

After the fifth draw and the closely related 
pocketing and heading operations, the amount of 
work to be done on the base end of the case is very 
small. If the cases were annealed at this stage they 
would undoubtedly remain too soft, and the re¬ 
sults in the tiring test would be enlarged primer 
pockets and swollen heads. There is, however, no 
annealing done at the base end of the case after the 
fifteenth operation. The amount of work performed 
after the bumping operation must be carefully ad¬ 
justed so that further work at the base end of the 
case just brings the brass up to the desired degree 
of hardness. The metal should l>e much softer at 
the front end of the case, as there is still a great 
amount of forming to be accomplished, partly for 
the reason that the finished case is of a tapered 
form, and the diameter at the front end still has a 
greater reduction from the shoulder. 

Head Turning — The cases are now head-turned 
to the correct diameter in an automatic head¬ 
turning machine. The cases are held in a spring 
collet or chuck. The exact amount of holding pres¬ 
sure is applied, and the heads turned with an under¬ 
shot form tool, similar to the way a shaving tool is 
worked on an automatic screw machine. The feed¬ 
ing arrangement is unique. As the cases are fed 
down a slide from the hoppers, a swinging section 
of the end of the feed mechanism comes into posi- 


m i. 



Pig. 162 

Cartridge-case annealing machine 


tion in the center of the collet. A rod then comes 
forward, pushing the case to the exact depth in the 
chuck. The mechanism is so timed that the rod 
returns very suddenly. The tool post moves for¬ 
ward as the tool begins to cut against the shoulder 
on the head of the case, to turn it to the exact form 
and gauge size. After the head is turned the tool 
post is returned in the clearance, the chuck opens, 
and the case is ejected with a spring kicker to fall 
into a truck placed under the machine. The brass 
turnings or scrap goes down another opening or 
chute into a separate truck. Figure 161 illustrates 
this machine. 



Fig. 161 

Cartridge-case head-turning machine 


Body Anneal — The cases are now washed and 
dried and given the body anneal. The machine is 
shown in Figure 162. This is done by passing 
them through a series of gas jets on a circular re¬ 
volving table, the heads emerged in water so that 
the temper uf the heads will not be endangered 
during the operation. The depth of water will 
govern the position of temper on the body of the 
case. A more detailed account will be given later 
on this subject. 

Tapering — After the body annealing process 
the cases are tapered. This is done with two dies 
set in a holder. The tapering is carried out in two 
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operations on the same machine, the first being a 
roughing or breaking-down operation, while the 
second finishes the case to the exact size and to the 
exact length from the shoulder to the base. A 
plugging or inside resizing operation is performed 
on the neck of the case to give the bullet the proper 
amount of friction to hold it in position during the 
loading operation. The tapering machine is made 
with a circular revolving plate, as shown in Figure 
163. Separate inserted plates are set into the re- 
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Fig. 163 

Cartridge-case tapering machine. This machine tapeTS the 
body of the case and sizes the inside of the mouth 


volving plate to hold the cannelured head. A 
circular feed plate feeds the shells against a device 
which locates the cases in the revolving plate, and 
then brings them under the operation of the dies. 
This press has two cams located on each side of 
the crank, which are for the purpose of holding the 
cases down by rods resting against the bottom. 
The effect of the cams allows the cases to lie held 
on the plate long enough so that the dies are re¬ 
leased. Considerable pressure is required to release 
the dies off the body of the case after the tapering 
takes place, and the only practical manner is to 


have these rods bearing against the bottom web 
with sufficient pressure so that the dies will be 
released without any effort upon the descending 
stroke. 

Second End Trim — The cases are now given the 
second end trim. This operation trims the case to 
the exact length and the mouth of the case on the 
inside is chamfered. The machine is automatic 
throughout its operation. As the cases come down 
the feed tube they are set in an upright position 
and moved under the fast revolving head which 
carries small high speed cutters. This descends 
very slowly and while in the cutting position fine 
chips are turned directly off the face at the end. 
The small chamfering tool follows it down and 
when the full length of travel is reached the head 
travels up. at the same time ejecting the finished 
case, and a new one is carried into position. 

Point Anneal — The point annealing process 
now takes place. This operation is performed on 
a machine similar to the one shown in Figure 162 
for the body anneal, except that the extreme end 
of the case passes through a series of fine llames 
from small gas jets, and the neck is annealed 
up to the shoulder. The distance from the mouth 
to which the end is annealed is important, and 
is controlled by the adjustment of the length of 
tlames. 

Inspection — After the second end trim the cases 
are washed and given a water polish. The shells 
are now completed and are sent to the inspection 
department, where they are viewed to eliminate 
those containing any defects by careful visual ex¬ 
amination on a special automatic machine. The 
cases are fed along a worm, and a mirror is set at 
an angle in the back; a mirror is also placed in 
front of the worm in such a position that it is pos¬ 
sible to view the base and primer pocket to detect 
the absence of flash holes or the closing of flash 
holes by burrs on the inside. A powerful electric 
light is set in such a position that the case looms 
up very clearly in the mirrors. 

Primer Inserting — Trimer inserting and the 
varnishing process follows, which is also performed 
on an automatic machine. This machine is unique 
in design; the cases are fed into dies in a large 
circular plate; the primers are fed over the cases by 
a small revolving friction plate setting the primers 
in place. It makes a given turn so that the primer- 
inserting punch comes down and seats the primer 
to the correct depth. While this takes place the 
mouth is varnished on the inside, and when the 
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Fig. 164 

Machine for gauging and weighing the assembled cartridge 


case reaches the opposite side the primer is var¬ 
nished. making a completed cartridge case ready 
for loading. 

Case Hardness — The cartridge case is made 
slightly smaller than the rifle chamber into which it 
fits. When the explosion takes place the internal 
pressure expands the case, and if the brass is very 
soft it will not spring back sufficiently after expan¬ 
sion to prevent its adhering to the walls of the 
chamber. This leads to extreme difficulties in ex¬ 
traction, and the case is liable to blow out the rear 
when external pressure is at its peak. On the other 
hand, when the brass is harder, it springs back 
extensively alter expansion; therefore the extrac¬ 
tion difficulty is avoided; but hard brass is more 
likely to split or crack during the expansion. Hard 
cases used for rifle work do not perform as satis¬ 
factorily in machine guns as cases made softer for 
this purpose. A case made for machine-gun use 
can be employed for rifle purposes, but extreme 
hardness is not good practise in any cartridge case. 

Degrees of hardness vary at different parts of the 
case. The case should he hardened at the head or 
base end, and graduallly get softer toward the 
front. It is softer at the rear end, which is chiefly 
responsible for the extraction difficulties one often 


experiences with some makes of ammunition. If 
the front end of the case is too hard, there is 
greater difficulty of internal stress in the metal, 
and the brass is liable to split spontaneously in 
course of time. These splits are termed season 
cracks. The hardness about the center should be 
intermediate between that of the base and the neck. 
An unsuitable distribution in the rate of hardness 
may lead to fracture of the case in extraction, par¬ 
ticularly when a rifle has the maximum head space. 
Extensive and careful research work was done in 
the laboratory at the arsenal on the question of 
the ideal hardness for different portions of a car¬ 
tridge case, and was determined upon for future 
defects, or as near as it was possible to decide, pro¬ 
vided the metal is not at fault. 

The instrument most commonly used for making 
tests of the hardness of cartridge cases or any other 
form of sheet metal, is a special form of Brinell 
hardness-testing machine. The operation consists 
of measuring the diameter of the depression caused 
by a hardened steel ball of given size after the 
application of a known weight. The Brinell hard¬ 
ness number is the figure obtained by dividing the 
load into kilograms by the area of the depression 
in square millimeters. As the Brinell hardness 
number obtained with any given material depends 
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on the size of the ball and the weight used, com¬ 
parative results can only be obtained where one 
combination of ball and weight is used throughout. 
In the case of small-arms ammunition, where the 
materials are thin, it has been found convenient to 
use a 1-millimeter ball and a weight of 10 kilograms. 

The ideal hardness of a cartridge case as indi¬ 
cated by this scale is as given below: 

DISTANCE FROM BASE IN INCHES 

0.15 

0.2 

0.3 

0.7 

1.2 

1.6 

At Neck 

BRINELL HARDNESS FIGURE 
145 — 155 
140— 150 
140— 145 
130 140 

125 — 135 
110—120 
90 — 95 

As it has been explained, the making of a car¬ 
tridge case consists of blanking a disc out of a 
sheet of brass and forming this into a shallow cup. 
The cup is then drawn through two dies by a punch 
to reduce the walls and make the cup much longer, 
and this operation is repeated until the original 
blank becomes a long thin tube closed at one end. 
The end is then headed, the primer pocket formed, 
and the entire case machined and tapered by other 
operations until it takes the outlines of a cartridge 
case. Brass when pressed or rolled or otherwise 
worked when cold and distorted becomes harder 
and more brittle, until it becomes impossible to 
work it any further. It must then be softened by 
the process of annealing, which consists of heating 
it at a suitable temperature and afterwards quench¬ 
ing it in water or allowing it. to cool slowly. The 
ultimate hardness of the various parts of a car¬ 
tridge case is regulated by the arrangement of the 
operations, which are so figured out that the amount 
of distortion to which each part is subjected subse¬ 
quent to the final annealing, produces the degree of 
hardness required. It is probable that the ideal 
hardness of the finished cartridge case at the 
various points cannot be obtained by any method 
without applying laboratory exactitude, but with 
careful control of the processes of manufacture, and 
of the annealing, the desired results will be achieved 
within reasonable limits. It will, therefore, be clear 
that variations in the annealing produce different 
effects on the quality of the finished cartridge case, 
and that careful annealing is very important. The 
amount of softening obtained in a given time is 


greater if the annealing is done at a higher tempera¬ 
ture, but a temperature of 1350 to 1400 degrees 
Fahrenheit is not permissible, as the brass may be¬ 
come “burned” and its structure destroyed. 

Owing to the importance of all the annealing 
operations, the temperature of the annealing fur¬ 
naces as well as the body- and point-anneal de¬ 
vices, should be carefully watched, and test pieces 
removed from all the furnaces to check on the 
pyrometers. The test pieces should be submitted 
to the Brinell test, polished, etched, and their micro- 
structures examined. Such a method of examina¬ 
tion affords a ready means of judging the true 
condition of the structure of metal as well as the 
temperatures in the furnaces. 

Bullet Experimental Factors — The essential 
factor governing a good bullet is balance—the cor¬ 
rect proportions of the component parts—accuracy 
of concentricity. The greatest errors are often due 
to manufacturing conditions, which affect the ac¬ 
curacy of shooting. The want of a perfect center 
and form in a bullet is by far the most serious. 
Whenever the center of mass is not truly on the 
axis of the bullet as it travels up the rifle barrel in 
a spiral, and the bullet departs to the opposite line 
on which its center of mass happens to be traveling 
at the moment the bullet leaves the barrel, regard¬ 
less of whether the delivery is from a perfect muzzle 
or not, the unbalanced part will be thrown away 
from the center of the barrel. Should the center of 
mass be only 0.00! of an inch away from the axis 
of the barrel, it will cause an error of a good many 
inches at a range of 600 yards, which was our 
standard range at the arsenal proof house. Many 
elements besides that of an eccentric bullet enter 
into these excessively large targets, as we shall dis¬ 
cover later. The various sizes of targets obtained 
from a series of shots with bullets out of balance 
or out of true when delivered at the muzzle will 
often be increased because of this eccentricity. At 
the high velocity in which a Springfield bullet leaves 
the muzzle of the barrel, the centrifugal force due 
to the center of mass of the bullet being eccentric 
to the axis of the rifle barrel is very large ( 0.001 
inch is equal to about four times its own weight), 
and this causes the bullet to cut deeper into the 
rifling on one side and increases the eccentricity, 
so that a very small error in perfect proportion of 
the bullet may mean a much larger amount of ec¬ 
centricity at the point of delivery (the muzzle). 
The extent to which this happens depends on the 
hardness of the jacket and various other factors in 
the bullet-assembling operations, so that extreme 
concentricity of all tools used in assembly of the 
bullet is very desirable. “Eccentric cups” in the 
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bullet jacket are a more serious fault even than 
similar defects in a cartridge case; extreme regu¬ 
larity in the thickness and hardness of the bullet- 
jacket metal is most essential. 

Cupro-nickel is the metal used in most military 
bullets, because of its less poisonous effects on 
wounds. Almost all the sporting types of bullets 
produced in England and Germany are manufac¬ 
tured from this metal. Good cupro-nickel is essen¬ 
tial for the manufacturing of good bullets. When¬ 
ever it is too hard or brittle, the bullet jacket is 
liable to split and break up in flight; and whenever 
the quality of the metal runs bad there is always 
trouble to look forward to in metallic fouling in 
any rifle barrel. 

Cupro-nickel is one of the hardest of bullct- 
jacket metals to produce, one of the principal diffi¬ 
culties being the prevention of oxidization. When 
the ingots are not correctly made, the metal is 
spoiled; hence great care is taken in testing the 
ingots before any attempt is made lu roll them into 
strips. When making cartridge-case brass an analy¬ 
sis of the brass is taken on casting, and from then 
on the annealing is the most important operation; 
each batch of metal is identified by its annealing 



Fig. 165 

Double-action press, used to form the cup. the start of a 

bullet jacket 


record, but in the process of cupro-nickcl it is the 
practise to take a sample of the ingot and put it 
through the whole of the manufacturing process. 
The mills that make it, in fact, should have the 
proper facilities so that bullets can actually be fired 
at the ranges to see just how the metal performs; 
and thereafter such a batch should be graded and 
identified by the records of its trials from the 
casting stages to the actual firing test. 

The annealing of cupro-nickel also requires great 
care. The temperature should be between 600 and 
680 degrees Centigrade, and on no account should 
it be allowed to go above 700 degrees, as at this 
temperature the carbon in the alloy, which is always 
present with the nickel, changes into the graphite 
state, and the alloy becomes intensely brittle and 
the metal is spoiled. The prevention of oxidization 
during annealing is also important. Cupro-nickel 
which after rolling reaches a Brinell hardness of 
180 should, after annealing, have a hardness of 
from 80 to 90. After each annealing, samples are 
taken and tested mechanically, and the microstruc¬ 
ture examined. 

The usual military bullet, and also the more 
modern sporting type of bullet, are made with 
jackets. Both bullets consist of a core of lead 
covered with an envelope called a jacket, which 
consists of harder material, such as cupro-nickel, 
copper, or gilding metal, which is a copper alloy. 
Bullets can be made, of soft steel, coated thinly 
with some anti-friction metal or alloy, by the 
electro-plating process; this kind of bullet should 
be employed only when copper is scarce and not 
easily procurable, due to war and blockade. Lead 
bullets of the old standard types are useless today, 
as, apart from consideration of penetration, modern 
high velocity would cause the soft metal to strip 
instead of following the spiral of the rifling in the 
barrel. At the same time a certain degree of 
plasticity is requisite in order that “windage’’ may 
be avoided. Thus a lead core with an exposed or 
sealed base, combined with a jacket of harder ma¬ 
terial tapering off to the rear, provides the desired 
combination. 

The steady growth of opinion has brought the 
boat-tailed bullet forward as an accepted standard. 
Its purely ballistic aspects are treated later in this 
chapter, but there are certain other points con¬ 
nected with the design of this class of bullet that 
deserve special notice. Tt has been stated that the 
sealing of the bore is affected in some measure by 
the “upset” or increase in diameter of the rear part 
of a flat-base bullet caused by the gas pressure as 
it is driven through the “leed” or into the “throat ' 
or conical entrance to the rifled portion of the bore, 
and because of this a certain plasticity is pur- 
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posely retained. Theory is often advanced to show 
that certain conditions cannot exist in a boat-tailed 
bullet or account of the fact that pressure cannot 
act on the reduced area of the base alone and 
would defeat the purpose of •‘upset.” The only 
factor required is a perfect circle at the break from 
the cylindrical portion to the slope of the taper; 
there the line must be very pronounced and sharp, 
also with the correct angle; therefore on such a 
bullet deformation is not needed to obtain ballistic 
advantages from “upset.” 

A boat-tailed bullet necessitates the bullet being 
loaded deeper into any case; therefore the extreme 
importance and increased difficulty of insuring 
exact concentricity of bullet and case where the 
length of bullet is restricted to a given distance 
from the end. T his is especially true of a bullet of 
this design; if it requires too great a ‘ jump before 
engaging the riding it is almost certain to be more 
or less unstable in flight. However, in order to 
obtain all the advantages of a tapered bullet, it 
must be parallel to the position and form of the 
“leed.” Such assembly requires the greatest of care 
with tools, machines, and gauging. 


Forms of Bullets — The usual problem is that 
of determining all the proper shapes of bullets and 
pointing out the various factors which must be 
avoided in general practise. The trajectory of a 
projectile depends upon many factors, such as the 
components, the initial velocity, its weight, shape, 
estimated value of spin, the density and tempera¬ 
ture of the air, the direction and velocity of the 
wind. Most of these factors are capable of taking 
many values. If tables were made covering all 
cases, they would depend upon as many arguments 
as there arc variations; however, if there were only 
ten different bullets to be considered, with ten dif¬ 
ferent weights, and if all other factors were con¬ 
stant, then tables could be made and a standard 
could be arrived at; but to enumerate all would 
require many chapters and years of study. 

Pet the shape of the ogive be first considered. 
Photographs of bullets in flight show that imme¬ 
diately in front of the projectile moving with a high 
velocity there are cylindrical condensations of air 
whose diameters are sensibly equal to the diameter 
of the bullets themselves. This would hold true 
whatever the shapes of their noses or ogives, as 



Fig. 166 

Caliber .30 flat-base bullet in flight. The two lines at an angle from the point and base are the parting of air as the 
bullet travels in space. Note the difference in air resistance at the base of this bullet as compared with the boat-tailed 

design shown in Fig. 149 
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shown in Figures 149 and 166. Not only is it true 
when bullets move forward, but also when they 
move slightly obliquely. This would mean that 
the points act sensibly as rough bodies, probably 
because of the high velocity penetrating heavy 
saturated air. This conclusion respecting the re¬ 
tardation of a bullet as a function of the shape of 
its nose is illustrated in Figure 167. 


“jump” and “vibrations" and other small oscilla¬ 
tions of the bullet as it passes down the bore. 
Therefore, the subsequent motion of the bullet de¬ 
pends not only upon the magnitude of these various 
rotations as it leaves the barrel, but also upon its 
dynamical properties. If it has such properties of 
inertia and spin that its oscillations can be meas¬ 
ured. even within small limits, under the conditions 



Fig. 167 

Calibor .375 and .404 bullets. The nearer we approach to great cross-sectional area, the better 

the kills in a sporting type of design 


Bullets must be designed with three or more 
calibers for an ogive. Most bullets made of lead 
had noses of one or two calibers, but because of 
increased velocities and the demand for increased 
ranges the ogives were increased in length and given 
a metal jacket. The assumption on which results 
are obtained represents the physical facts only 
roughly, yet the results agree fairly well as you 
advance in experience. But it must not be sup¬ 
posed, if a five-caliber radius gives good results, 
that a ten-caliber would give correspondingly better 
results; for there is a danger of bullets becoming 
unstable when their ogives arc greatly increased in 
length. However, the loss of energy in tail waves 
does not diminish as the ogives are increased in 
length. Consequently, Figure 166 gives only a 
rough indication of what would be found; but ex¬ 
perience would prove the facts. The momentum is 
imparted to the whole mass of air encountered by 
the ogive while the bullet moves through space. It 
is not difficult, in view of the above facts, to figure 
out the conditions which must be satisfied by the 
surface of the ogive to give minimum air resistance. 

When a bullet leaves a barrel under normal con¬ 
ditions, its axis will very nearly coincide with the 
direction of motion; it will then have a rapid spin 
about the axis, imparted by the rifling in the barrel, 
and it will also have much slower degrees of rota¬ 
tion about the axis because of such factors as the 


prevailing in the firing of the bullet, it will be said 
to be “stable.” On the other hand, if it has such 
properties that, except in special initial conditions, 
it will oscillate erratically, it will be said to be 
“unstable.” Only actual firing trials can reveal the 
ideal combinations in components, bullet assembly 
and proper balance. 

How to make a perfectly balanced and designed 
bullet will always be an open question. Those who 
experiment upon bullets usually try to improve 
upon an accepted standard or upon certain existing 
conditions. True, there is a large field in which to 
bring out a better product; but the experimenter 
must use various metals and alloys, assembling 
them in such combinations that perfect balance and 
symmetry are the paramount issue. The specific 
gravity of a metal must be first considered. We 
cannot expect to use gold or tungstei: and secure 
the same results as with copper, even tho given a 
high velocity, when copper alone is employed to 
secure distance of range. Still, gold might give the 
desired accuracy, but the angle of departure would 
be too great; therefore, what is required is nearly 
a flat trajectory instead of a large arc. Certain 
combinations of metals can be employed, making 
what is known as compound bullets. The British 
Service Mark VII bullet is an example of the man¬ 
ner in which the compound bullet enables weight 
to be reduced without a corresponding reduction in 
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length. In such a bullet, the lead core is at the 
rear, while an aluminum tip is placed in the point. 
The weight is 174 grains, as against 196 grains for 
a bullet of equal dimensions but with a solid lead 
core. 

The tip of any bullet can be filled with any 
lighter material, not necessarily aluminum: for in¬ 
stance, fiber, hard rubber, or compressed paper. 
The experimental determination of the flight of 
such a bullet must be well worked out in order to 
have the lighter metal at a given weight; therefore 
the resistance offered by the air to such a bullet 
depends, in the first place, upon targets secured in 
every fifty yards up to one thousand yards, by 
shooting ten shot groups from a machine rest. The 
results will indicate the most suitable weight of tip 
to use. Then we take into consideration the chief 
factors that determine the trajectory of a given 
bullet in flight; after which we must consider the 
components of initial velocity, the acceleration of 



Fig. 168 

Bullet-jacket draw press for second, third, and fourth 

redraws 


gravity, the normal retardation of the atmosphere. 
In addition, however, there are many minor factors, 
such as winds and abnormal air densities, and these 
vary with time and location, and cannot be deter¬ 
mined by theory alone. 

Bullet Weight — Bullets of a given type are 
supposed to have a standard weight, but there are 
actually some variations due to tolerances permitted 
in the manufacture. However, in the experimental 
tests, the projectiles should all be of a given weight 
and only have a plus or minus of one grain. Select, 
as an example, a number of bullets to weigh 172 
grains, the next lot 173 grains, and the next 171 
grains; 172 grains is the mean figure, and the other 
two figures are the plus and minus from the mean. 
Two grains in weight as a manufacturing tolerance 
is sufficient, and any well regulated machine can or 
should produce bullets within such wide limits. If 
a bullet is overweight, its initial velocity is reduced 
by a certain amount, naturally depending on dis¬ 
tance and its normal velocity, the gun and the pow¬ 
der charge. The relationship is established by 
experimental firing. There is consequently a change 
in the initial condition, whose effects are determined 
by methods established at a well organized proof 
house. 

Normal trajectories are determined under the be¬ 
lief that the air is stationary with respect to the 
surface of the earth; but there are nearly always 
winds, and even vertical currents, sufficiently strong 
to modify appreciably the flight of bullets. It is 
necessary to regard their effects as abnormalities 
that must lx- taken into consideration by means of 
weighing factors because of their ever-varying char¬ 
acter. 'There are, in fact, usually considerable 
variations of air currents, in both velocity and 
direction, at different altitudes above the surface 
of the earth. 

Explosive Bullets — The term “explosive bul¬ 
let” was used in the days of black-powder, large- 
bore rifles, to designate a large lead bullet in the 
nose of which an explosive element had been placed, 
this acting on impact. Today, with our high 
velocities, an explosive substance is not necessary. 
All that is required is an open point in any bullet: 
an explosive effect follows as soon as such a bullet 
strikes flesh. Whenever additional stopping power 
is obtained hy exposing the lead core, or by drilling 
into the end of any full metal-patch bullet, or by 
weakening the jackets at the nose in various man 
ners, such bullets are correctly described as ex¬ 
panding bullets. The destructive effect on bone 
and tissue is greater than that caused by a full 
metal-patched bullet, and it is an effect very differ- 
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ent from that of a bullet opened by the explosion 
of an internal explosive clement. 

In order to make the discussion more concrete in 
the matter of expanding bullets, consider the prac¬ 
tical side of their use and their determining effects. 
One of the first factors to be considered is distance: 
the thickness of the jacket must be such that the 
same expanding effect can be secured between one 
hundred and three hundred yards. The relative 
simplicity of construction does not make such a 
bullet effective until tested out for complete ef¬ 
ficiency upon not only live but dead tissue at 
various distances. In fact, a complete knowledge 
of the effects would require extensive study with 
various weights and diameters of bullets. 

Explosive bullets were designed and used in the 
World War by different nations, chiefly against air¬ 
craft and observation balloons; but when one is 
made for a small-bore arm the construction of com¬ 
ponent parts becomes the same as making a watch; 
therefore the smallest size worth considering is a 
.50 caliber; any larger caliber becomes artillery 
ammunition. 

We designed one at the Frankford Arsenal known 
as the .50-caliber spot-light bullet, one of the most 
successful types of explosive bullet. This bullet has 
the supersensitive nose which is capable of explod¬ 
ing upon impact on tissue paper. The name spot¬ 
light was derived from the phosphorus which it 
contained in the base. To make a true explosive 
bullet, the baso could remain sealed and the high 
explosive element could fill this cavity. 

The practical importance of obtaining the desired 
efficiency of such a bullet and the factors governing 
its experimental use is only to prove certain destruc¬ 
tive forces, and to determine the variation with the 
more easily constructed expanding bullet. It is ob¬ 
vious from this discussion of expanding and explo¬ 
sive bullets that the practical use of the latter 
would be in warfare alone; but the former is prac¬ 
tical for the big-game hunter, particularly one who 
must face dangerous animals. In establishing ef¬ 
fective results one must choose a large-caliber bullet 
and besides must consider the rifle with care; a 
double rifle with a practically designed bullet, duly 
proved by one’s own experiments, is probably the 
most desirable. 

Bullet Design — The history of the evolution of 
rifle bullets is so intimately associated with that of 
weapons that a detailed description of its develop¬ 
ment would involve a great deal of unnecessary 
repetition. Very* few men care for a detailed de¬ 
scription of the past designs of bullets, altho this 
might be interesting to a certain extent; the modern 
mind is most keenly interested in the appearance 


of new ideas from the experimental laboratory 
whether in the large manufacturing establish¬ 
ment or in the basement shop of the creative 
amateur. 

Altho low trajectories and light fixed ammuni¬ 
tion are eagerly sought today, experience indicates 
that the existing limits in calibers are likely to 
create a separating line between large and small 
calibers, giving us heavy bores not greater than .375 
and small calibers from .30 down to .15 in size. 
Today we have calibers in the large bore from 
.375 to .600 and the small calibers run irom .350 
to .22. Bullet weights average from 40 to 900 
grains. 

The claims of the boat-tailed bullet are firmly 
established, with the exception of the lead bullets 
universally used in certain small-bore arms. Gild¬ 
ing metal or pure hardened copper jackets arc fast 
replacing cupro-nickel in sporting bullets. There 
may be found a satisfactory soft steel which can 
be worked as cupro-nickel or copper, and if it is, it 
will be one of the standard envelope materials of 
the future. 

One of the most important considerations in bul¬ 
let design is to advance in the direction of boat¬ 
tailing, as before stated. This should be termed 
‘stream lining,” as wc are applying this principle 
to motor-cars, buildings, boats, etc. Tn the United 
States we must express the subject in the most ad¬ 
vanced manner, using modern terms. During the 
development of this bullet at the Frankford Arsenal 
we early learned to recognize the ballistic advantage 
of the rear taper. Our first trials in the use of 
boat-tailed bullets were not what you would call a 
success, so far as the desired accuracy was con¬ 
cerned; hut this was due to not having the proper 
machines or the correct tools; after these were 
developed, accuracy was obtained. 

Boat-tailed bullets should be employed for all 
match shooting. Men who limit themselves to serv¬ 
ice standards as regards the caliber .30 Model 1906 
ammunition, using sights and methods of excep¬ 
tional merits, should interest themselves in exploring 
the possibilities offered not only by the improved 
bullet, but also as regards the chamber, barrel, and 
cartridge case itself. 

Knowing the present trend toward flatter tra¬ 
jectories toward lighter bullets propelled at high 
velocities—one must first become reconciled to the 
theory, and then secure actual results by experi¬ 
menting. Along with the development of high-speed 
bullets it seems desirable that we should learn some¬ 
thing more definite about designs from actual firing 
trials, by using bullets first turned from solid brass, 
copper, soft steel (coated w f ith some anti-friction 
alloy before firing through the barrel), bronze, etc- 
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In spite of much care and forethought the ex¬ 
perimenter will encounter many failures when de¬ 
signing any new bullet and testing it at the range. 
Knowing that the greatest range of calibers is 
between .25 and .375, it is best to conhne the va¬ 
rious designs to bullets in these bores in the high- 
velocity class; therefore we have these calibers to 
make our selections from: .25, 6.5 mm. or .256, 
.270, 7 mm. or .276, .275 Magnum, .280, .30, .303, 
8 mm., .318, .350, .375. The reasons for the above 
choice are to be found in the cartridge cases to ac¬ 
commodate the bullets designed. 

There are two cartridges using bullets from 70 
to 100 grains which may have an opportunity tu 
present themselves for certain improvement: the .22 
high power and the .242 nitro express. In spite of 
the record performance of bullets of this type, it 
can be considered that their use, except only in an 
extremely limited degree, is still an experiment. 
Small-bore high-velocity bullets, if not designed 
from accepted standards, are likely to lead to many 
disappointments. Military bullets are designed to 
serve a definite purpose, whereas a bullet designed 
for sporting purposes has unlimited possibilities. 
Unfortunately, a great deal of misconception exists 
regarding the correct interpretation of ballistic data 
in bullet design, which results in disappointment 
from various angles, often due to the gross over¬ 
taxation of the capabilities of even the most efficient 
small-bore bullet. 

The United States, Switzerland, Germany, and 
France are the four nations that have made the 
boat-tailed bullet an accepted standard up to the 
present writing. France uses a solid bullet of a 
copper-zinc alloy, whereas Switzerland and Ger¬ 
many use one composed of a jacket and lead core. 
All the other nations use flat-base bullets with either 
a spherical or an ogival point; the latter is by far 
the most popular. The wounding power of the mili¬ 
tary bullet is considered satisfactory from the hu¬ 
manitarian point of view. The effect of the blow 
imparted is sufficient to place men out of action in 
many instances, when vital parts are not penetrated; 
but why bring such philanthropic thoughts into 
consideration, when other destructive agencies are 
made with far more deadly effect? 

The .30-caliber boal-lail bullet now used by the 
United States Army, with its great velocity and 
penetration, makes its impact hard to feel in many 
cases, and its track through the body is a clean 
puncture without circumferential damage of any 
kind. Unless bone be hit, therefore, stopping power 
is lacking. Warfare is horrible at its best, but it 
is war, and there is no reason why small-arms pro¬ 
jectiles should not be as deadly as other agencies 
of war, placing men completely out of action. 


Warfare cannot be considered civilized, and why 
rule out certain small-arms projectiles because they 
are more deadly? Observation of actual wounds 
from small-arms bullets in battle would seem to be 
the best means of settling this question, tho many 
other factors enter into it. The finding would no 
doubt show that the more deadly effects of the ex¬ 
panding bullet completely eliminate the suffering 
caused by modern bullets. Many instances have 
been known of soldiers constructing their own ex¬ 
panding bullets by filing off the puints and exposing 
the lead. Rubbing off the point of any bullet on a 
rough stone is sufficient to make it one of the most 
deadly of expanding bullets. 

Designs — The designer of modern bullets will 
find it necessary to emphasize the fact that no 
matter how much skill and care are given to the 
designs, his labors will be wasted unless the powder 
is carefully selected and developed with careful 
understanding. The designer of small-arms pro¬ 
jectiles is confronted with various problems and 
surrounded with various restrictions—many of 
which can be safely disregarded. 

It has been assumed that the axis of the rotating 
bullet is always parallel to the tangent of its tra¬ 
jectory. Under this ineffective assumption it was 
sufficient, in treating normal trajectories, to consider 
only the acceleration of gravity and the retardation 
of the atmosphere in the direction opposite to that 
of the motion of the bullet. While this is not a 
solution of the whole problem of the bullet’s motion, 
it is a good approximation to it in the case of a well 
designed bullet, and results in a great simplification 
in the trials. This is advisable, particularly because 
it is necessary to secure an insight into the physics 
of the problem, and then to develop the analysis 30 
that the physical constants can be determined from 
experiments without serious difficulty. Further¬ 
more, the problem will be so analyzed and treated 
that the principles determining stability and related 
questions will be clearly brought out and put in 
such a form that they can be used in the design of 
any bullet. 

The modern bullet components consist of a jacket 
or envelope of harder material, and the lead core 
usually consisting of nine parts lead and one part 
antimony, or eight parts lead and two parts tin. 
The bullet must be made so that when it is assem¬ 
bled, and the envelope turned over at the base, the 
lead will come flush; therefore weight alone governs 
this component. 

Having completed the operations to this stage, 
the design can be carried out to any desired form 
which will prove the most suitable for accuracy, 
whether fiat base or the end given a taper of any 
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degree. Since it is obviously necessary to boat-tail 
the base for better ballistic values, it is better to 
carry out the design in that direction. 

Armor Piercing — Modern military require¬ 
ments also include armor-piercing, tracer, and in¬ 
cendiary bullets; the basis for the envelope is the 
same. The armor-piercing bullet is designed tor 
greater penetration than that of the ordinary serv¬ 
ice bullet, as it is not possible with a caliber .30 
bullet to penetrate certain thicknesses of plates, 
or armor carried by tanks, armored cars, aircraft, 
etc. 

It. is found that the greatest penetration is ob¬ 
tained by a hardened steel bullet inserted in an 
envelope. Therefore, the design takes the form of 
a hardened steel core enclosed in a jacket which 
enables the bullet to lake the rilling. A lead point 
is provided between the point of the core and the 
end of the jacket, this acting as a lubricant upon 
impact for the core when harder plates are en¬ 
countered as well as plates placed on various angles. 
Extreme accuracy, therefore, is not essential, as 
there is little advantage in the use of such a bullet 
over 1000 yards. 

The penetrating force of an armor-piercing bullet 
depends almost entirely on the striking energy of 
the steel core. Both the weight of the core and the 
velocity should, however, be as great as possible. 
The weight of the core can only be increased by 
making the core diameter as large as possible, and 
this means that the wall thickness of jacket must 
be made as thin as possible. High velocity also 
involves high pressures, and an armor-piercing bul¬ 
let is therefore found to put great strains on the 
riile or machine gun, and owing to the hardness 
and rigidity of the bullet it would no doubt cause 
excessive barrel wear. The total number of armor- 
piercing bullets fired from any rifle or machine gun 
during its life is not necessarily great, however, and 
the cumulative destructive effect is not likely to be 
serious. 

The form of the core to some extent affects its 
penetration. A pointed core gives better results 
upon normal impact than a flat-nosed core, even on 
oblique angles. The ogive of the core's point is, 
however, chosen for the best all-purpose perform¬ 
ance. At longer ranges the ballistic efficiency is of 
importance, and the external ogive and boat-tailed 
angle is also of particular importance, so that the 
velocity is reduced as little as possible by the re¬ 
sistance of air. With cores made of 3*4 per cent 
tungsten steel, and given the proper heat treatment, 
this bullet should penetrate an armor plate which 
would measure 0.35 inch in thickness at 100 yards, 
practically every time hit. 


Tracer Bullets — These arc so called because 
they leave a visible wake or ‘‘trace” behind them, 
so that the correct range and object can be found, 
particularly when fired from an airplane or when 
fired from a rifle, as the trajectory can be seen. 
They are used to ascertain visually where the bul¬ 
lets are going, with the object of correcting the aim, 
and it is therefore essential that tracer bullets 
should have approximately the same trajectory as 
other service bullets. L’nfortunately the trajectories 
of the ordinary service and armor-piercing bullets 
differ somewhat, owing to the greater velocity of 
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Automatic-feed, bullet-jacket trimming machine 


the armor-piercing bullet, and it is not possible to 
imitate the trajectories exactly. 

The trace, or trail of fire, is obtained by filling 
the bullet with a composition which is ignited by 
the powder gases when the explosion takes place, 
and which burns during the flight of the bullet. 
From the time the projectile leaves the muzzle until 
the composition is completely consumed the bullet 
is continually becoming lighter, allowing more 
weight at its point. The curve of its trajectory is 
consequently not the same as that of an ordinary- 
service bullet, whose weight does not change. It is 
possible, however, to design and make a tracer 
bullet which, up to a range of 1000 yards, has a 
trajectory sufficiently close, for practical purposes, 
to that of the service bullet. Armor-piercing and 
incendiary bullets do not differ much in trajectory 
up to this range. Beyond this range the path of 
the bullet is erratic, but this is of no great con- 
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sequence as the tracer composition is about con¬ 
sumed. 

The caliber .30 tracer bullet used for the United 
States air forces is composed of an envelope, lead 
point, and copper-alloy composition cup; but the 
modern design would be to apply a boat-tail to the 
bullet for better ballistic results. The composition 
cup and lead point are assembled first on the bullet¬ 
assembling machines, and then the bullet is placed 
in a loading die and filled with a mixture of barium 
peroxid and magnesium powder. A punch is then 
put over the composition in the die, and placed in 
the loading press, and the composition reduced to a 
solid under pressure. After loading, the bullet is 
given the taper to its base, then loaded into the 
case, the tracer composition being ignited by the 
flash of the powder. 

This bullet may be used in all types of caliber 
.30 Model 1903 arms, and will function equally well 
in all. When fired for accuracy at 600 yards from 
a fixed rest, all the shots should be in a four-foot 
circle—a performance which may be equal to the 
armor-piercing but which docs not compare favor¬ 
ably with the service bullet. A tracer bullet is very 
destructive to the barrel in which it is fired. The 
bore rapidly becomes eroded, and there is a tend¬ 
ency for the inside to become coated with a hard 
metallic deposit which is not easy to remove when 
it is left in for more than a short time. The most 
satisfactory way to clean the barrel of this deposit 
is to fill it with the powder solvent given in Chapter 
XXV. When firing tracer bullets it is desirable 
to fire armor-piercing and incendiary bullets at the 
same time, using these alternately, five rounds of 
each type, as this has a decided effect in reducing 
the residue left by the tracer composition. 

Incendiary Bullets — Altho it was necessary to 
design a bullet with which to set fire to objects hit, 
such as airplanes, dirigibles, etc., during peace 
times such a bullet is not required. The term “in¬ 
cendiary” refers to a bullet capable of burning or 
doing great damage by fire. Phosphorus is the 
agent employed to accomplish that purpose. A 
small hole %o inch in diameter is pierced a given 
distance from the base, and is sealed with a soft 
solder capable of melting at 150 degrees Fahren¬ 
heit. The object of this hole is to allow the escape 
of the gas produced from the phosphorus as the 
bullet is passing through the barrel and through the 
air. As the phosphorus is in a liquid state, this vent 
acts not only as a pressure escapement but also as 
a trace to indicate the true range. Of course, it is 
rather hard for the eye to pick up the phosphorus 
smoke during a high wind, but on a calm day the 
smoke spiral gives an interesting view both of the 


spin of the bullet and of the line oi the trajectory. 

Upon impact this bullet breaks up, causing a 
large burst of flame and completely igniting any 
inflammable material with which it comes in con¬ 
tact. Nevertheless, it is possible to design an in¬ 
cendiary bullet which, up to a range of 1500 yards, 
would be capable of doing considerable damage 
with a trajectory sufficiently close for practical 
purposes. 

A bullet designed with a soft soldered point and 
with the phosphorus located in the center could be 
used as a spot-light bullet. The purpose of such a 
bullet would be the quick location of machine-gun 
fire. It would be used for military purposes alone, 
and would be required only in time of war; there¬ 
fore when the necessity comes for such a bullet the 
army will call for its manufacture. 

All the above-described bullets have been made 
with a bullet jacket or envelope. The only parts 
which have changed are the substances of which 
they are made under the various headings. These 
special bullets may be divided into separate cate¬ 
gories, according as they arc most suitable for use 
in the various machine guns and service rifles. 
Armor-piercing, tracer, and incendiary bullets all 
arc important for use in aircraft machine guns. 
Therefore it is correct to state that bullets referred 
to under this heading are specially designed. How¬ 
ever, considerable improvement can be made in 
their design; therefore it is a hard matter to state 
just what the wars of the future may bring forth. 

Expanding Bullets — The results recorded by 
big-game hunters often deserve critical observation, 
particularly if they state the type of ammunition and 
make of bullet used. The endeavor of the big-game 
hunter is to kill completely and effectively, yet 
without destroying the meat or marring the beauty 
of the trophy. He must therefore choose the bullet 
that has the greatest wounding power, and is known 
to penetrate, but will not break up or traverse the 
body of the game. It must maintain its gradual 
expanding qualities until it spends itself and can 
be found lying flattened in a mushroom form 
against the skin on the side opposite to that of 
entry. The big-game hunter, to be sure, under¬ 
stands the difficulty often experienced with a small¬ 
bore arm, in clean kills. With the increased ac¬ 
curacy and flatter trajectory no caliber should be 
used less than the caliber .30 with a 180-grain 
bullet of the expanding type, to be driven with a 
muzzle velocity of 2800 f.s. or even higher. 

Experience has taught us that it is difficult to 
design a bullet which will be as efficient at 50 yards 
as it would be at 300 yards with the selection of 
modern designed factory ammunition. Therefore, 
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in order to accomplish that object, we should design 
a bullet with a flat nose and an open point in the 
center of the end. The lead core, instead of being a 
solid piece, takes the form of a number of sections 
made of two kinds of metal, one section of hard 
material, such as copper, and one of metal com¬ 
posed to nine parts lead to one part antimony. Fine 
saw slots are placed at four points on the ogive; 
three, in fact, would be sufficient. The object of a 
bullet designed in such a manner would be, first, 
penetration, and secondly the holding together of 
the bullet after the envelope begins to open up due 
to the two different alloys which compose the core. 
The lead sections would disintegrate while the 
harder metal would hold together without breaking 
up in particles, therefore paralyzing nerves and 
destroying tissue in a large area. Such a bullet 
becomes more “humane” in its kills. Under these 
circumstances the caliber selected should be .30 or 
larger. The wounding power of such bullets would 
depend upon the velocity and the effect of the blow 
struck. Penetration would be assured, and the 
question which would arise would be what caliber 
to select for the most dangerous game. A bullet so 
designed is rather expensive to manufacture, but 
ex|x.*nse is a second consideration as compared with 
dependable kills. 

The second type of expanding bullet would be 
one with a step on the ogive. A jacket is selected 
and formed with a step in the center of the contour. 
The object of such a design is the destructive effect 
in tissue and greater penetration. To make such a 
bullet more effective on ranges longer than 100 
yards, drill a ^o-inch hole in the point just 
through the jacket to the lead core. It has already 
been pointed out that in the pointed bullet the soft 
lead core is covered with an envelope of various 
alloys, and therefore cannot expand on impact 
where a soft substance or tissue is hit. The only 
method of obtaining the increased destructive ef¬ 
fects in the area hit is to shatter the tissue and 
nerve centers, bringing death instantly. The use 
of such bullets in warfare is therefore forbidden by 
international agreement. 

The increase of area on impact of any bullet 
must be in a direct line. Giving a bullet consid¬ 
erable length in proportion to its caliber will cause 
it to become unsteady, so that it will often move 
sideways through tissue. A bullet similar to the 
6.5 mm. would lie very unstable on impact: there¬ 
fore. when calibers are reduced we must shorten the 
bullet in pro[)ortion. Length seems to be the chief 
cause of unsteadiness in a bullet. Often the pointed 
bullet presents the same unsteady characteristics, 
due to making the ogive too long and throwing the 
center of gravity too far back. Unless the ogive is 


accurately in the line of trajectory, it immediately, 
on impact, takes on the motions of a top losing its 
momentum and becomes erratic in its course. 

The choice of a bullet must depend, first, on the 
type of game that is to be encountered, and sec¬ 
ondly on the type of country in which the hunt is 
to be conducted. After the selection of the prop¬ 
erly designed bullets, the next important point to 
he considered is the rifle, and the choice is a matter 
of personal selection. All thick-skinned animals re¬ 
quire bullets which possess a great degree of pene¬ 
tration; therefore, il is essential that, the bullet 
jacket be heavy, with thicker metal walls than 
usual. It also becomes almost necessary to elim¬ 
inate open points entirely and rely more upon the 
bullet designed for such purposes, with proven re¬ 
sults. A well designed sporting type of bullet, par¬ 
ticularly one with a small amount of lead exposed 
at the tip, should be selected and used. It is hardly 
necessary to say that for elephants a full metal 
patch is absolutely essential. For heavy, danger¬ 
ous, thin-skinned game, such as lions and tigers, a 
full metal-patched bullet is of little effect, altho 
such animals can quite easily be killed with such a 
bullet if hit in a vital spot. Killing power, as al¬ 
ready explained, is not the only necessity; an ani¬ 
mal must drop upon impact. This means that the 
whole force of the bullet s energy must be utilized 
instantly to its fullest effect: in other words, the 
bullet must so expand that it will not pass through 
the animal. 

For the small varieties of non-dangerous thin- 
skinned animals the bullet must break up more 
quickly; therefore one with a larger opening in its 
point is preferable. The varieties of “expanding” 
bullets placed ujxrn the market are chronicled, and 



Fig. 170 

Slugforming machine, employed to form the lead cores 

used in jacketed bullets 
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no doubt have great merits in their favor, altho you 
can say none is perfect. From personal observa¬ 
tion I have come to the conclusion that the copper- 
tubed bullet would have great merits and would be 
extremely effective, altho no doubt some of the 
more modern designs can also be given special con¬ 
sideration. It is difficult and even dangerous to 
offer suggestions, but I am inclined to think it 
much better for the interested person to select va¬ 
rious types and experiment upon various substances, 
such as dead animals, %-inch pine boards (placed 
1 inch apart), small cans filled with water, day, 
paraffin, soap, etc., to see the results of personal 
choice. 

Having expressed a particular choice in selection 
of bullets for both dangerous and non-dangerous 
game, it will be well to carry the reader afield with 
a weapon for the former class of animals first. For 
use against really dangerous game a rifle must be 
extremely powerful, and ‘‘power” expressed in 
armament means weight. The weapon, however, 
must always be carried in the hand, and the weight 
is therefore limited to a certain extent by the 
hunter’s strength. Nevertheless, facts must be 
faced. The choice must fall upon a “double rifle” 
as the most essential weapon. Dangerous animals 
must not only be given a deadly wound, but must 
be paralyzed, so to speak, so that even if the wound 
is not mortal, time will be allowed for the second 
shot. Here again weight in both rifle and bullet 
is more important than ever. Therefore the shock¬ 
ing power is essential, and it can never be furnished 
by a small-caliber high-velocity rifle with certainty. 
Indeed, for this reason a double medium-caliber 
rifle with bullets of the proper design will be the 
best. A heavy weapon is better, providing it is not 
beyond the hunter’s strength. 

National Match Bullets — The manufacture 
of match bullets used in target practise demands 
the finest of precision tools. There will always be 
endless experimental designs, trying to find the one 
that, in the firing trials, will prove itself best suited 
for adoption. It has been found that the boat-tailed 
bullet comes the nearest to producing the finest 
accuracy; still, there is the never-forgotten demand 
for thorough inspection of metal, selecting the strips 
of the desired Brinell hardness as well as the uni¬ 
form thickness, which is to be tested with special 
dial indicator gauges to find the variations in the 
metal, so that when the cups are formed there will 
not be any eccentric jackets even up to the tliird 
draw. Special orders should be given the mills so 
they can keep their rolls ground and bearings in 
perfect condition to eliminate all possible variations 
in thickness of the sheets./ The start of a bullet- 


jacket cup means a perfect projectile upon the 
finished assembling operation, providing tools and 
machines arc as near perfect as it is possible to 
make them; but rifles and cartridge case must also 
be given the proper consideration. 

The modern rifleman demands that the long 
ogival bullet shall perform perfect scores at 300, 
500, 600, 800, and 1000 yards. The spiral or 
rifling in the barrel has solved a part of this problem 
for him. To understand just how this successful 
performance was attained, analyze more closely the 
bullet designs, selecting two bullets, one a flat-base 
and the other a boat-tail of modern manufacture, 
but the two with the same ogival point. Both bul¬ 
lets are lightest at their points, have the least re¬ 
sistance there, and receive at that end the greatest 
support when passing through air. There should 
be a clear understanding of the important fact that 
the base end of the bullet naturally falls faster than 
the ogive. As an illustration we may consider a 
bullet made up in two parts, the base a cylinder and 
the ogive a cone, the two having equal bases and 
equal altitudes; but by extending the base out into 
a tapered effect, shown in Figure 149, we influence 
the air pressure, causing a vacuum at the base; this 
changes the rule whereby the taper at the base is 
not equal to the cylindrical portion of the flat-based 
bullet. The flat base retards the bullet, allowing it 
to make a greater arc when it is falling horizontally, 
showing the amount of air pressure on the base of 
the bullet, while the upward pressure on the ogive 
is half of that on the base; therefore, the forces 
pulling the base and ogive will be in proportion to 
their bulk. The volume of a cylinder is equivalent 
to the product of its base and its altitude, while the 
volume of a cone is only one-third of the product 
of its base and altitude. However, the pull on the 
base of the bullet exerted by the force of gravity is 
three times as great as that on the ogival point; 
while the amount of air pressure holding it up is 
only twice that on the point; therefore the base end 
of the bullet tends to fall faster than the lighter 
point. Consequently by designing a bullet with 
equal ogival points on each end the vacuum and 
pulling force are equal; hence we find one of tin 
important demands for the supporting force of 
rapid spin to keep the pointed ogives straight and 
keep the bullet upon a true course. It is not always 
practical to give a bullet the same conical points, 
due to the difficulty experienced in manufacture; 
but we can give it a certain amount of taper which 
will reduce the vacuum to a minimum and still 
come within our desired expectations of accuracy. 
Figures 149 and 166 will show* the different air 
vacuums created at the base of a bullet starting 
out with the flat base and ending in a bullet de- 
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signed to give great distance of flight. The differ¬ 
ence in the support which the ends of the bullet 
receive from the air, therefore, is only one of the 
factors which throw a modern-design bullet from its 
true course. A glance at the illustration will show 
the effects of the air which lies in the bullet's course 
as it is passing forward. 

A bullet once set in motion will move to in¬ 
finity in its original course unless prevented or 
deflected. It would continue along a true course 
were it not for the air it must force aside and for 
the pull of gravity. The modern jacketed bullet 
has more buoyancy to travel through space, due to 
its equal wall construction: but due to air currents 
it has no fixed point of rest. Analyze briefly the 


course each bullet takes in its effort to obey the 
commands of gravity, air resistance, and rotational 
force, and you will see why the best designs arc 
bound to face considerable failure. When once a 
true-designed projectile is found, the best that can 
be expected is to eliminate all errors in its manu¬ 
facture; also in the rifle barrel and cartridge case. 
However, bear in mind that the longer the bullet 
the more its body will be subjected to the air forces 
as its ogive is directed from side to side, and that 
the smaller the bullet the greater the surface ex¬ 
posed in proportion to its cross-sectional area. 
Again, a bullet must be perfect, with a high polish, 
so as not to create any unnecessary air friction 
when shot over a long course. 
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High Velocity Bullets — Space is well taken to 
permit our following the advantages of the prevail¬ 
ing trend to high muzzle velocities and also guar¬ 
anteed high remaining velocities at great distances. 
Naturally such results are sought by the experi¬ 
menter as well as the army engineers of various 
military nations. High muzzle velocity means great 
striking energy with its finally instantaneous stop¬ 
ping power, whether on man or beast. High re¬ 
maining velocities at distances insure one sight¬ 
setting, providing wind and weather are at rest; 
therefore the time of flight is reduced, which is also 
the object sought and a particular benefit in the 
process of moving troops or animals. This should 
inspire the experimenter to seek muzzle velocities 
up to 10,000 feet per second. 

The highest velocity reached with our present 
arms and cartridges is approximately 3600 f.s. 
muzzle velocity with a Western 'l'ool & Copper 
Company 120-grain bullet tired from a 300-caliber 
magnum ride. The disadvantage of so high a 
velocity will often offset the advantage—due to high 
breech pressures, recoil, and decreased life of the 
barrel. 

The caliber .30 Model 1906 cartridge has become 
standardized to about 2700 f.s. with a bullet weigh¬ 
ing between 150 and 180 grains, which is about the 
highest practicable velocity, considering all factors 
involved, such as recoil, life of barrel, powder dash, 
etc. There can be slight changes made in powders, 
primers, and specially designed bullets, enabling 
these figures to be increased, for example, as much 
as 12 per cent; for our present-day demands a 
greater increase in velocity is not required, but we 
should never lose sight of the future or cease ex¬ 
perimenting to meet its demands. Considerable 
study has been given this subject and German en¬ 
gineers have worked out methods of increasing the 
muzzle velocity by means which do not follow the 
present practise. 

The scope and possibilities of the development of 
a high velocity over our present standards cannot 
be limited to the present new era in ballistics. To 
approach high velocities up to 10,000 f.s. with any 
bullet we must construct sub-caliber chambers and 
bullets designed small in caliber from the stand¬ 
point of interior ballistics; therefore it is desirable 
to have a bullet with as little mass as possible, but 
with considerable cross-sectional area and with low 
sectional density, the latter section so constructed 
as to give the powder gases sufficient area upon 
which to force the mass forward. This would mean 
a base made of a material 0.3 inch in diameter but 
capable of reducing itself as it passes up the bore, 
which is made on a taper until it reaches the rifled 
bore to a diameter of 0.15 inch, there to give the 


projectile the desired rotation. As soon as the bul¬ 
let takes flight the base will be useless, but the 
missile will speed on, capable of exceedingly high 
velocity because of its small cross-sectional area 
and large sectional density. The construction of 
such a bullet may be of steel given a cupro-nickel 
or silver plating heavy enough to take the rifling. 
Perhaps some authority will prove by theory that 
even these designs are impossible and contradictory 
to all laws of mechanics, but I shall assure him 
that they are based on the laws of the stars that 
we gaze upon, and can be done. 

Mr. H. Gerlich, a German engineer, has many 
patents on ultra-high-velocity rifles and bullets, 
based upon extensive research work. This idea is 
only in its experimental singes, and by working out 
the correct details a 100-per-cent success could be 
obtained for military purposes as well as the pos¬ 
sibilities on game. Facts are always stranger than 
theory, and we must lay theory aside and work up 
well established facts. I do not hesitate to say 
that the military nation that adopts the high- 
velocity bullet will be the ruling power of the world 
from a military aspect. 

Designs of the Future — We cannot, however, 
take leave of past designs when they have only 
dipped over the horizon of a few hundred years. 
We have witnessed a gradual cycle of evolution. 
Wars have hastened the requirements for both arms 
and ammunition; still, many years have elapsed 
between radical changes. Our age has a temporal 
outlook. Let us with a glance see as far as we can. 

It cannot be denied that our small-arms develop¬ 
ment is in a slow state of evolution. We take it, 
then, as proved, that the government arsenals must 
come to the fore, to design the necessary weapons 
and ammunition for war purposes, while private 
manufacturers follow the demands of the public. It 
is a real tragedy that game is disappearing, and 
that the rabbit and the fox may soon be the only 
animals man can test his skill on—that the larger 
animals will be but a memory recorded in our 
museums and game reservations. That “helpless” 
creature, man, will stamp out nature’s gift, the wild 
animals, in the various parts of the world. A fresh 
tide of culture may change the whole course of life 
with a revived intellectual movement to stop all 
wars, but that time is very difficult to foresee; cer¬ 
tainly it must be preceded by the elimination of the 
feeble-minded and criminal classes. Man seems to 
move in a series of cycles, advancing as he may, 
only to be interrupted by some closed circle of 
natural sequence, and then entering upon a larger, 
if less immediately satisfying process. 

Probably there will be a development of the 
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ultra-high-velocity cartridges, as well as the rifles 
for fine target work; but a number of years will 
elapse before these can even become a standard 
among target shots; the government must first 
develop such arms in our arsenals to a high degree 
of accuracy, and both the arms and the ammuni¬ 
tion must become reasonable in price. Meanwhile, 
certain eager minds will go on experimenting on 
them, regardless of cost. 

Now, a glance into the far future. First, laws 
are going to restrict the civilian to such a point that 
to own firearms of any kind will be a crime punish¬ 
able by law, due to the gradual tread of the crush¬ 
ing effect of the ruling classes over the masses. 
Secondly, wars will be unnecessary, by reason of 
disarmament agreements. Without a doubt these 
statements are a possibility. Many will say it is a 
ruinous possibility, for at last we shall have robbed 
men of their old fighting spirit. It then will be the 
extortioner who will unbalance it all. The pity of 
it is that men today are not educated upon the old 
lines, due to the small demand for high-class 
weapons for sporting purposes and protection. If 
we were living in an age that required weapons for 
self-protection, as in the early years of American 
colonization or in the ages when pre-historic mon¬ 
sters roamed the world, no one would say, “Let 


the experimenter solve our problem of existence. 77 

Consideration of the relative effectiveness of arms 
is at times peculiarly imperative; it must be so 
now. For the moment we are tired of our present- 
day lack of interest in firearms and their designs, 
and out of sympathy with all our present products. 
Merely wishing something different does not solve 
the problem. We must go on building from the 
experimental stages. We may have no clear vision 
to where we arc going, but we cannot stand still, 
and it is for the man with the small experimental 
shop to carry out new ideas and designs and keep 
the fires lit continually. Man will always be think¬ 
ing as his ships, motors, buildings and engines grow 
vaster or still increase in speed; and so will our 
bullets increase in velocity until we satisfy our¬ 
selves as to their possibilities. 

In closing, it is necessary to emphasize the fact 
that no matter how perfect our design and manu¬ 
facturing methods, they will in the end be wasted 
unless the cartridge case, rifle, barrel, and chamber 
be made aright, and the powders be correctly 
selected. Deep down remains the burning desire 
to increase velocity, accuracy, and striking energy; 
and in the end it will prevail. Intelligence is the 
medium of life’s force and the will for others to 
guess. 
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Mechanical Definitions and Phrases 


T HIS glossary has been compiled to assist our 
readers in definitely understanding the shop 
terms used by gunmakers in various parts of the 
country, as well as the names of their tools and 
appliances. This will eliminate any difficulty when 
we refer to any part of a rifle or shotgun. Old 
terms are included as well as modern ones. 

To make this glossary complete would require 
a separate volume, for the field is large; but our 
space is limited, so we shall coniine ourselves to 
the terms most frequently used. The names arc- 
in alphabetical order, with a description in lan¬ 
guage as simple as possible. 

Action —That part to which the barrel is attached. In 
a rifle it i* often tailed the receiver. Shotgun or double- 
barrel actions house a!i the mechanism or working parts. 
The term may be further modified as side-action, breech- 
action, bolt-action, snap-action, etc. It is also used to in¬ 
dicate the different forms of gun locks, as back-actions, 
front-actions, etc. 

Adapter —An auxiliary chamber to fire smaller cartridges 
in a barrel of like caliber, but having a larger chamber. 
Adapters are made lu conform to the outer walls of the 
chamber and reamed to fit the auxiliary cartridge. 

Ammunition —All the various articles used in the dis¬ 
charge of firearms, such as cartridges, shells, powder, shot, 
bullets, primers. 

Angle Plate —A cast-iron plate with two surfaces at 
right angles to each other. 

Anneal —To render soft, as in the case of steel and other 
metals, by heating to a low red heat and allowing the 
article to cool gradually. 

Aperture —An open passage. A rear sight with either a 
small or large opening; a peep sight. 

Auxiliary Carrel —A rifled barrel that slips into a shot¬ 
gun barrel, thus converting a shotgun temporarily into a 
rifle. 

Auxiliary Chamber—See Adapter. 

Back-action Lock —A gun-lock in which the main 
spring and sear arc in the rear of the hammer or striker, 
all of the mechanism thus being in the wood of the stock. 

Ball Reamer —Usually a fluted or rose reamer used for 
making bullet moulds. It is considered advisable to space 
the flutings in it irregularly, as this tends to prevent chat¬ 
tering. 

Bar-action Lock —A lock that is bedded partly in the 
frame or action as well as in the stock. In a bar-action lock 
the main spring is ahead of the hammer or striker. 

Barrel —-The steel tube of a rifle or shotgun through 
which the projectile is given motion and is directed in its 
line of flight. 

Barrel Band —A metallic loop fastened around the barrel 
to hold the barrel to the stock. 

Bastard—Not regular. The term is usually applied to 


a file, designating a size of tooth between the coarse and 
second cut; or to a screw thread, meaning one that is not 
of standard proportions. 

Bend—The drop below the line of sight at the comb 
and heel of a shotgun or rifle butt-stock. This term is 
largely used by the British rifle and shotgun makers. 

Bent—Thr notch in the tumbler of a shotgun lock. 

Bevel—A tool for measuring or laying out angles. Also 
a surface not at right angles to the main surface. It may 
be of any angle. When two angles meet at 45 degrees it 
is called a "miter.” 

Binocular Vision—Sighting with both eyes open. The 
proper method of aiming a rifle, shotgun or pistol. 

Bolt—A sliding bar used as a breech block in bolt-action 
rifles. The working part of the action that locks the cart¬ 
ridge in the chamber. 

Bore—The interior of a barrel through which the charge 
passes. The rifle diameter over the lands. Bores or gauges 
of shotguns arc based on the old-time method of fitting 
spherical bullets of fixed weight. For instance, an ounce 
bullet ran 16 to the pound, consequently the bore filling 
an ounce spherical bullet was called 16 bore, and so on. 
Bores are made frnr-cylinder and also choked to give 
greater density of pattern at longer ranges. The bores of 
rifles have been made elliptical, hexagonal, polygonal, etc. 

Brazing—The joining of metals by the use of copper 
filings or spelter. Borax or some other substance must be 
used as a flux. 

Breech Pin—The plug with tang attached which is used 
on all muzzle-loading firearms. 

Bridle—The insidp plate in a shotgun lock, which sup¬ 
ports the tumbler and other pins at their inside ends. 

Broach—A tool which is practically a series of chisels 
or cutting teeth for enlarging holes or changing their shape. 
Generally used for ndd-shapod holes. The round broach is 
used to enlarge and straighten the bore of a muzzle-loading 
rifle 

Browning—An oxidization produced and retained on the 
surface of gun barrels by means of acids. This is to pre¬ 
vent further oxidization or rust. 

Bullet-—A small projectile for a firearm made in various 
forms and weights. The base metal is always lead, alloyed 
with tin, antimony, etc., to give it resistance to the rifling. 
In modern high-velocity weapons the bullets arc cased in 
an envelope of a hardrr metal. Bullets are made with full 
metal patch, hard nose, soft point or dum-dum, hollow’ 
point, and with bronze and steel points. Bullets used in 
warfare arc full metal patch, when used against human 
beings; special forms are made for armor piercing, tracing, 
incendiary and other objects. 

Bump—The corner or heel of the butt stock at the top 
of the butt plate. 

Burnisher—A piece of highly polished and hardened 
steel, used in polishing the surface of metals. 

Burnishing Reamer—A reamer used for finishing the 
bore and chamber of rifle barrels. The cutting edge comes 
to a sharp flat point in the center of the flute. 
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Bufb—'That part of a gunstock that fits against the 
shoulder. 

Butt Plate—A plate of metal, horn, or vulcanite placed 
on the butt to protect the wood against damage. 

Button—A steel bushing hardened and ground, made in 
sets and used to locate holes in jig plates and other work 
where it is necessary to have the bored holes correct dis¬ 
tances apart. 

Caliber—The diametrical measurement of the bore of a 
rifle barrel. 

Caliper—An instrument used for measuring diameters. 
It is in different forms, such as outside, inside, keyhole, 
and slide calipers. 

Cam—A rotating piece, eccentrically pivoted; placed in 
different parts of rifle and shotgun actions to give short 
locking motions. Cam Effect —Locking or moving with a 
cam. 

Cannelure—A depression or narrow groove, either 
knurled or plain, rolled into the bullet or cartridge case 
A cannelure in a bullet is often used for the purpose of 
crimping in the end of the cartridge case, thus holding the 
bullet at its proper depth. Other cannelures arc designed 
to hold the lubricant. 

Cap —The metal or other covering placed on a pistol 
grip and fore-end. Also the small cup-like primer placed 
on a nipple on muzzle loading firearms to ignite the charge. 

Carbonizing—The heat treatment of mild steel to make 
the outer surface hard. The surface absorbs carbon from 
the material used and forms a skin of glass-like hardness 

Carbine—A form of rifle made short enough to be 
easily carried on horseback. 

Cartridge—The fixed ammunition for a firearm. 

Case-hardening—A hardened steel-like exterior given 
to iron and cold-drawn steel by heating it in connection 
with cyanid or animal charcoal, and then plunging while 
hot into cold water. 

Cast-off—The distance the slock is offset at the heel, 
to the right, from a straight line with the axis of the bore. 
It is called cast-on when to the left. Fur the right handed 
person it is to the right on all rifles and shotguns. 

Center Fire—A form of cartridge case in which the 
primer is placed directly in the center of the base. 

Center Punch—Punch for marking points on metal. It 
is often called a prick punch. 

Chamber—The enlarged space or recess in the breech 
of a rifle or shotgun barrel wherein the cartridge is placed. 

Charger—A measure employed for measuring powder in 
loading ammunition. 

Chasers—Special tools used for cutting threads by chas¬ 
ing. Chasers are made circular and flat, and in the old 
days the flat ones were operated by hand. 

Checker—Diamond shaped patterns incised in metal and 
wood for ornament, for matting the surface, and when used 
on the stock, to afford a more secure grip. 

Cheek Piece—A projection on a part of the butt 
stock to afford a rest for the cheek at the time of firing. 

Cherry—A small circular culling tool used for forming 
the interior of bullet moulds. The term “cherry” was no 
doubt borrowed from the fruit of the same name. 

Choke Bore—A shotgun bore slightly constricted at 
the muzzle. 

Cleaning Rod—A rod used to clean a rifle or shotgun 
bore. 

Clamp, C—A clamp shaped like the letter “C"—used for 
holding work in various ways. 

Cock —In flint-lock guns, that part of the lock in which 
the flint was held. The name is also often applied to the 
hammer of percussion and other locks of more modern 


make. When the hammer is pulled back to its last catch, 
we say the gun is full-cocked. 

Cocking Piece—The projecting end of the striker ex¬ 
tending back and free of the bolt in bolt-action rifles. 

Comb—That part of the stock directly back of the 
“hand” upon which the check rests at the time of firing. 

Cordite—A powder of a nitroglycerin base which comes 
in cords or strings like spaghetti. A high-velocity smoke¬ 
less powder. The British use the word generally to denote 
smokeless powder. 

Cross Bolt—A bolt frequently used on shotgun actions 
to lock the barrels to the standing breech. 

Cross Hair—Minute cross wires designating the optical 
center of a telescope sight. 

Crimping—Fluting, corrugating, or compressing the ma¬ 
terial, as at the end of paper shotgun shells and the ends 
of metallic cartridge cases, to crimp or hold the projectile 
in place. 

Cut-off—A mechanical arrangement temporarily to cut 
off cartridges so they will not feed from the magazine into 
the chamber. 

Cylinder—That part of the revolver in which the cart¬ 
ridges are held. 

Damascus—A highly ornamental combination of metals, 
used in making shotguns during the last century. The 
guns were produced by twisting together dissimilar metal 
strips, such as steel and iron, and welding them. Damascus 
has been superseded by steel in these days, since suitable 
steel is homogeneous and weldless. 

D. C. M.—Abbreviation for Director of Civilian Marks¬ 
manship. An officer of the War Department. 

Dies—Tools used to cut. stamp, or form metal by pres¬ 
sure. Dies play a great part in all modern manufacturing, 
supplanting forging to a very great extent. 

Dog—An old name for scar. Also a cocking lever. A 
trigger for each barrel of a double-barreled weapon 

Drop—Distance measured from the line of sight to the 
top of heel and comb of a gun stock. 

Dutchman—A term used for a wedge or liner to make 
a close fit. With beginners a “dutchman” is often necessary 
to cover up mistakes and poor fits. 

Ejector—An automatic device by which the fired shell 
is expelled from the chamber. Automatic Ejector— An au¬ 
tomatic auxiliary’ lock which ejects the fired shell upon 
opening the breech of a shotgun. 

Elevated Rib—The raised sighting plane placed on top 
of the barrels of a shotgun or rifle. 

Escutcheon—A reinforcement of harder material through 
which a fastening passes. 

Express Rifle—A term coined by Purdey, the eminent 
British gunmaker, to denote a rifle of greater velocity than 
customary. It was a black-powder term. The term nitro 
express, as now used, distinguishes a rifle of extreme power 
and velocity. 

Extractor—An automatic spring-shaped hook, which 
draws the empty fired cases from the chamber. 

Flash—In the old days of the flint-lock a gun was said 
to “flash” when the priming was ignited in the pan but 
failed to fire the charge. The flash hole in a cartridge case 
is the small hole between the primer pocket and the in¬ 
terior of a cartridge case. Sec Vent. 

Flute—The name for the groove in reamers, taps, drills, 
etc. Its function is to relieve the cutting edge and carry 
the shavings. 

Flux—A substance or mixture used to facilitate the 
amalgamation of metals or minerals when melting them. 
Glass, borax, etc., are fluxes. 

Forearm—That porliun of the stock lying under thf 
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Darrel, in front of the action. Also called the fore-end. 

Forge—An open fireplace furnished with air blast for 
heating metals in welding, hardening, etc. 

Fowling Piece—A term used in the old days for a light 
smooth-bore gun with which to hunt small game or 
“fowl.” 

Frizzen—In old flint-lock guns, the steel plate that 
receives the blow of the cock and covers the pan. It is 
also called the “hen.” 

Front Sight—The sight located nearest the muzzle of 
the barrel. The old name for this was “torcsight.’' 

Gauge or Gage—The term used for shotgun bore sizes. 
The standard gauges are 10, 12, 16, 20, 28, and 410. 

German Silver—A useful alloy. It is copper 60 parts, 
zinc 20 parts, nickel 20 parts. The old gunsmiths used 
this metal largely for ornamentation. 

Grip—A name usually applied to the “hand” of the 
butt-stock. It also applies to the grip of a revolver and 
pistol. 

Guard—The loop of metal which curves around the 
trigger to protect it. 

Hack-saw—A highly tempered saw for cutting metal, 
held in a hand frame or operated by power. 

Hammer—That part of the gun lock which strikes the 
plunger. 

Hammer Gun—A gun whose hammers are on the out¬ 
side of the action. 

Hammerless Gun—A gun whose hammers are concealed 
within. 

Hand—The operating lever which turns the cylinder 
when the hammer is pulled back on a revolver. The "grip” 
of the butt stock. 

Hang Fire—A delayed ignition. An uncommon circum¬ 
stance in modern ammunition, but when it occurs a very 
dangerous one. When ignition is not instantaneous the 
breech should not l»e opened for several seconds. 

Heel Plate—See butt plate. 

Hinge Pin—The pin in the action of a shotgun upon 
which the barrel plays. 

Ignition—Any chemical combination which can be 
caused to explode and fire the powder charge. 

Kentucky Rifle—A pioneer American rifle. It was 
muzzle-loading and had a very' small bore. The great 
length of the barrel was one of its main features. It 
marked one of the most important steps in the development 
of the rifle. 

Kick—The recoil of a firearm at the moment of firing. 

Knurling—The checkering or roughening of a metal sur¬ 
face to afford a better grip. It is used on windage and 
elevating screws, etc. 

Lands—The spaces in the bore of a rifle barrel between 
the grooves. The spaces between the flutes or grooves in 
reamers, taps, etc. 

Lap—A plug usually made of lead, iron, or copper, 
which, charged with abrasives, is used for fine grinding. 

Lathe—The engine lathe is the ordinary' form of this 
useful turning machine, with leed screw, power feed, slide- 
rest, etc. 

Leaf Sight—A rear barrel sight with one or more fold¬ 
ing leaves for various ranges. 

Lever—The moving handle, the working of which locks 
or unlocks the action in guns or double rifles. There are 
several forms, such as top-lever, side-lever, under-lever, etc. 

Lock Plate—The flat plate on the sides of shotgun or 
double-rifle actions upon which all the parts of the gun 
lock are built. 

Lower Rib—The rib underneath and between the barrels 
of a shotgun or double rifle. 


Lump—The projecting fin in the center breech end of 
the barrels of a shotgun or double rifle which descends into 
the flat of the bolt and forms the abutment into which the 
sliding bolt engages. 

Main Spring—The large spring in the gun lock which 
imparts action and power to the hammer. 

Magazine—The receptacle for the cartridges in a re¬ 
peating weapon, from which they arc fed automatically 
into the chamber by the action of the mechanism. A term 
also used in small-calibcr bolt-action rifles. 

Magazine Rifle—A rifle provided with a magazine for 
containing cartridges, and so made that, by means of 
springs or levers, the cartridges pass into the chamber ready 
for firing. 

Magnum—Meaning very large or very great. A term 
used by the British rifle makers to denote a weapon of 
much more than normal power. 

Master Die—A die made standard and used only for 
reference purposes or for making tools. The term "mas¬ 
ter” is used also for reference gauges, tools, etc. 

Measurements—The standard measurements in firearms 
arc the decimal parts of the inch and meter. 

Milling Machine—A machine operating a stationary 
revolving cutter. The work is brought in contact with 
the cutter by a traversing table. 

Miter—A bevel of 45 degrees. 

Monocular Vision—Viewing with only one eye. When 
one eye is closed in taking sight with a gun, it is a case of 
monocular vision. 

Monte Carlo—A form of butt stock in which the comb 
is carried back horizontally almost to the butt, when it 
descends abruptly to the heel portion. It is used to some 
extent in live-pigeon shooting. 

Mould, Bullet—An implement for moulding bullets. 

Mounts—A steel cradle which carries the telescope on 
a rifle. It is so designed that adjustments of the ’scope 
are freely made and the ’scope easily mounted and dis¬ 
mounted. 

Musket—The military form of a rifle. The word is 
frequently used to designate the old smooth-bore military 
guns of a past period. 

Muzzle—The exit end of a rifle or shotgun barrel. 

Nipple—The short tube upon which the cap is placed 
in a percussion firearm. 

Nipple Wrench —An implement used for screwing a 
nipple into position or out. It was often called a tube 
wrench. 

Nose—In shop work this term is applied to the busi¬ 
ness end of a circular pointed lathe tool, or the threaded 
end of a lathe or milling machine spindle. 

N. R. A.—Abbreviation of National Rifle Association. 
A government organization for the promotion of rifle prac¬ 
tise. 

Offset—See Cast-off. 

Over and Under—A gun or rifle in which the barrels 
are placed vertically, one over the other. This perhaps is 
ihe most logical and uj>-to-dale system of firearm con¬ 
struction. 

Paradox—A shotgun with a portion of the barrel at 
the muzzle rifled. It will, by this means, fire heavy lead 
bullets, and at the same time handle a shot charge equal 
to a modified bored shotgun. Very popular in India and 
Africa. 

Pan—The small pan or receptacle on the flint-lock ac¬ 
tion which holds the priming charge and in which the 
latter is ignited by a spark from the flint striking the 
frizzen. 

Pepper-box Pistol—A form of revolving pistol in which 
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the barrels arc made full length from one piere of metal. 
The rotation of the barrels and the action ot the lock was 
produced by the pulling of the trigger. It antedated the 
revolver, but is now obsolete. 

Percussion—A compound of various elements used as 
a detonating or explosive agency, such as the percussion 
cap used on rifles from 1830 onward and the primer now 
an essential part of rim- and centcr-fire cartridges. The 
percussion primer is also used in fuses. 

Picker—A small wire implement of the days of the old 
flintlock and used when occasion required to relieve or dean 
the touch-hole of the barrel. 

Pipes—Short tubular receptacles attached to the under 
side of a barrel to hold the ramrod in place. 

Pistol—A small variety of firearm ?o made as to be 
easily carried in the pocket and fired with one hand. A 
hand-gun. 

Pistol Crip—A gun stock the grip of which turns 
down, as docs the handle of a pistol. 

Pitch—The distance from the center of one screw 
thread, or gear tooth, or serration of any kind, to the 
center of the next. In screws with single threads the 
pitch is the same as the lecd, but not otherwise. The 
angle which the butt of a firearm takes in relation to the 
line of sight. 

Planishing—The finishing of sheet metal bv hammering 
with a smooth-faced hammer. 

Plungers—The firing pins which arc struck by the 
hammers in shotguns and double rifles. Called strikers in 
bolt-act ion rifles. 

Powder Bed—The chamber in a muz/le-loading rifle. 

Priming—The powder in the pan of a flint-lock gun. 

Proof Marks—Impressions of stamps i i,idc on shotgun 
and rifle barrels to indicate that they have >ccn proved. 

Proving—Testing gun barrels with a 30 *.c 40 per cent 
overcharge to ascertain if the barrels and uctions arc of 
the requisite strength. 

Ramp—A slope or incline. The sloping part of - front- 
sight base on a rifle. 

Ramrod—The rod with which the charge is pushed 
home in loading the old muzzle loader. The term is still 
often used for a cleaning rod. 

Reamer—A tool to enlarge a hole already existing. 
Reamers arc of many kinds and shapes. 

Rebounding Lock—A lock in which the top of the 
main spring and the crank of the tumbler are so 
lengthened that when the trigger is pulled the hammer de¬ 
livers its blow and immediately rebounds to its safety 
position. It automatically takes the place of the old 
half-cock. 

Recesa—A groove beyond the normal surface of the 
work, such as a recess bored inside of a cylinder. This is 
often called the counterbored part. An illustration is the 
recess made to receive the head of a shell. 

Roliof—The removing of, nr the amount removed from, 
a tool to reduce friction, as back of the cutting edge of a 
reamer, drill tap, etc. 

Revolver—A repeating firearm with a revolving cylin¬ 
der, carrying the cartridges. 

Rib—The strip of metal lying between and connecting 
the barrels of shotguns and double rifles. (Sec lower and 
upper rib.) 

Riffle—The name given a small curved file used by 
die sinkers and others who do similar work. 

Rlffo—A gun with grooves cut in a twisted or spiral 
manner upon the interior of the barrel for the purpose of 
giving the projectile a rotary motion on its axis during 


flight. This keeps the center of gravity constant and gives 
infinitely greater accuracy to the course of the bullet. 

Rifling Guide —An attachment used by the old-time 
gunsmiths to guide tile course of the rifling saw in cutting 
the spiral grooves in the bore of a rifle barrel. 

Rifle Saws— Short file* made lo cut the grooves of a 
rifle by the old-time method of rifling a barrel. They 
were attached to a rod near its end, and drawn back and 
forth through the barrel for the purpose of filing the worn 
groove down lo a greater depth. In cases where new 
grooves were to be cut in a new barrel, the rod passed 
ihrough a rifle guide, which forced the saws to take the 
proper spiral through the barrel. 

Rim Fire —A cartridge in which the priming mixture is 
placed in the :old of.the head of the shell; in distinction 
irom center fire, in which the priming mixture is contained 
in a primer imbedded in the center of the cartridge head. 
The popular .22-iulibcr ammunition is the best illustration 
of the rim-firc method. 

Rook —A European hird of the crow family. A small¬ 
bore rifle used by the British to shoot crows and other 
vermin. 

Rougo —A fine abrasive paste or powder used for put¬ 
ting a high polish upon rhe surface of well-finished metals. 
It is usually applied by rubbing with a soft leather pad, 
but can be applied by huffing wheel or otherwise. 

Run —The term applied to a drill or reamer when the 
tool shows a tendency to diverge from the straight or 
direct path intended. 

Saw —See Hack-saw. 

Scatter —A term applied to a shotgun which throws the 
shot over an unusually wide range of space. It is said to 
"scatter.** 

Scroll Guard —An extension downward from the trigger 
guard or an extra-long guard used to improve the grip on 
match rifles. Abo the fancy brass trigger guards on 
muzzle-loading rifles. 

Sear —That part which engages in the bend of the cock¬ 
ing piece. Sometimes a part of the trigger. The firing 
mechanism of a rifle. On a shotgun the sear is separate 
from the trigger. 

Sear Spring —The >mal! spring used to hold the scar to 
its position. 

Set Trigger —A device for lightening the trigger pull at 
will, in order to remove the disturbing effect of a heavy 
pull in target shouting. It is usually effected by means of 
a series of levers which distribute the force required. The 
commonest and simplest example takes the form of a pair 
of triggers, the rear one being used to bring the sear to 
almost the firing position. A touch on the front trigger 
completes the movement and the arm is discharged. Set 
triggers arc chiefly associated with the Schiitzen Verein. 

Shaper— A machine where the work is held in a vise 
on a tabic or knee and the tool moves horizontally across 
it. A small metal planer. 

Shim —A liuer or thin piece of material used for placing 
between surfaces to secure proper adjustment. 

Side Screw (Side Pint—The long screw extending 
through the stock of a side-lock gun to secure the locks 
to the frame and stork. 

Sling —A leather or heavy canvas strap used either to 
carry a rifle or to assist in steady holding of a rifle in 
deliberate shooting. 

Schnabel—The tip of the forearm when it is made in 
pointed or ornamental form—named from the German 
word for a bird'* beak. 

Spinning —The forming of sheet metal by stretching 
and compressing as it revolves in a lathe. 
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Spring Compression—A helical spring which shortens 
in action. 

Spring, Helical—A spring coiled lengthwise of its axis 
like a screw thread. Often incorrectly called a spiral 
spring. 

Spring, Spiral—A spring wound with one coil over the 
other as in a clock spring. Usually of flat section, but not 
necessarily. 

Square—An angle of 90 degrees or the fourth part of 
a circle. 

Square, Combination—A handy combination tool con¬ 
sisting of square, bevel, and protractor in one. 

Steady Pin—The small pin or projection of a main 
spring which fits in the lock plate. 

Strap—The posterior elongation of the frame of a shot¬ 
gun or double-rifle action which runs down into the stock 
and provides its principal attachment. 

Strikers— See Plungers. 

Sweating—A form of soldering. 

Swivel—The smail piece in a shotgun lock connecting 
the tumbler and main spring. In revolvers it is used to 
connect the spring and the hammer. The oblong loop used 
to connect the sling strap to the barrel and stock of a 
rifle is called swivel bow. 

Tenon—A projecting dowel engaging in a corresponding 
hole. It is used to intimately locate and reinforce tenon- 
able attachments. 

Thimble—The metallic loop on the under side of the 
old muzzle-loading shotguns and rifles to hold the ramrod. 

Toe—The extremity of the stock which rests nearest 
the armpit. 

Top Lever—The lever of a shotgun or double rifle 


placed on the upper surface of the action, which works 
the opening and locking mechanism of the gun. 

Trammels—Heads of beam compases for drawing large 
circles. These fit on a beam of cither steel or wood and 
can be adjusted to any diameter. 

Trigger—Called “trickcr” by old gunsmiths because it 
did the trick. The small finger lever under the gun, which 
when pressed with the finger releases the confined main 
spring and allows the hammer to descend. 

Trigger (Single)—A trigger so devised that it will dis¬ 
charge both barrels of a double gun. 

Trigger Plate—The steel plate upon which the triggers 
arc pivoted. 

Tube—The term used for a rifle or shotgun barrel in 
the rough. Often referred to colloquially as “the rifled 
tube.” An old name for nipple. 

Tumbler—The hammer, so called, of a hammerless gun. 

Upper Rib—The rib above and between the barrels of 
a double-barreled shotgun or rifle. 

Vent—A small hole between the primer pocket and 
powder chamber in a cartridge case. Also the small hole 
in the side of old flint-lock guns, communicating with the 
interior of the powder chamber. 

Vise—An implement for clamping or holding work dur¬ 
ing operations. 

Windage—A term used for sight correction laterally 
cither right or left. As its name implies, it is to make ad¬ 
just wenls for wind pressure. 

Wiper—A shop ramrod used in wiping out and clean¬ 
ing lhe bore of firearms. Also a small spiral implement 
made to attach on the end of a ramrod for the purpose of 
boring into and drawing a wad from a gun. 
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Ammunition Manufacturers: 

Peters Cartridge Division, 

Bridgeport 2, Conn. 

Remington Arms Co., Inc., 

Bridgeport 2 , Conn. 

U S. Cartridge Co., 

Ill Broadway, 

New York 6, N. Y. 

Western Cartridge Co., 

(Division of Olin Industries, Inc.) 

East Alton, Ill. 

Winchester Repeating Arms Co., 
(Division of Olin Industries, Inc.) 

New Haven 4, Conn. 

Imperial Chemical Industries, Ltd., 
Witton, Birmingham, England. 

Rerlin-Karlsruher Industrie-Werke AG, 
Karlsruher, Baden, Germany. 

Antique Firearms: 

Francis Bannerman Sons, 

501 Broadway, 

New York 12, N. Y. 

Kimball Arms Cn., 

Woburn, Mass. 

Arms and Ammunition Dealers: 

Abercrombie & Fitch Co.. 

342 Madison Ave., 

New York 17, N. Y. 

Charles A. Bogert, 

144 Jackson St., 

Sandusky, Ohio. 

Hudson Sporting Goods Co., 

52 Warren St., 

New York 7, N. Y. 

S. E. Laszlo, 

(Eley Shotgun shells) 

25 Lafayette St., 

Brooklyn 1, N. Y. 

Philip Jay Medicus, 

18 Fletcher Place, 

New York 57, N. Y. 

Stoeger Arms Corp., 

45-47 Pearson St., 

Long Island City 1, N. Y. 

Von Lengerke & Antoine, 

9 North Wabash Ave., 

Chicago 2, Ill. 

West ley Richards & Co., Ltd., 

23 Conduit St., 

London, W. 1, England. 


Barrel Drills and Barrel Tools: 

Forster Brothers, 

86 E. Lanark Ave., 

Lanark, Ill. 

Fuller Tool Co., 

4000 West Eleven Mile Road, 
Berkley, Mich. 

H & M Tool Co., 

24062 Orchard Lake Road, 
Farmington, Mich. 

High Standard Manufacturing Co., 
(Barrel Drills & Tubes) 

Dixwell Ave., 

Hamden, Conn. 

Pratt ft Whitney Co., 

(Rifling Heads, etc.) 

Hartford, Conn. 

Red ford Reamer Co., 

Rox 141, Bedford Station, 

Detroit 19, Mich. 

L. E. Wilson, 

Box 636, 

Cashmere, Wash. 

Binoculars: 

Bausch & I.omb Optical Co., 

630 Lorab Park, 

Rochester 2, N. Y. 

D. P. Bushnell & Co., 

43 E. Green, 

Pasadena 1, Calif. 

Far Eastern Sales Co., 

2251 W. Pico. 

Los Angeles 6, Calif. 

National Camera Exchange, 

86 South 6th St., 

Minneapolis 2, Minn. 

United Binocular Co., 

9043 S. Western Ave., 

Chicago 20, III. 

Carl Zeiss, Inc., 

485 Fifth Ave., 

New York 17, N. Y. 

Bluing Barrels and Gun Parts: 

Paul Jaeger, 

J enkintown, Pa. 

Ken’s Polishing Shop, 

7 South First St., 

Minneapolis 1, Minn. 

Midland Munitions Co., 

P.O. Box 481, 

Bloomington, III. 
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Protective Coatings, Inc., 

Box 3985, 

Detroit 27, Mich. 

Remington Arms Co., 

Ilion, N. Y. 

J. A. Wingert, 

124 W. 2nd St.. 

Waynesboro, Pa. 

Checkering and Inletting Tools: 

W. E. Brownell. 

925 Donmever Ave., 

South Bend 14, Ind. 

Franz Metal Specialties, 

625 N. 22nd St., 

Allentown, Pa. 

Hagen Engineering, 

5211 S. Monitor. 

Chicago 38, Ill. 

Schmidt Precision Products, 

Rt. 1. Box 150M, 

Saugus, Calif. 

Stocger Arms Corp., 

45 47 Pearson St., 

Long Island City 1, N. Y. 

Warner Products, 

Baldwinsvillc 1, N. Y. 

Chemicals: 

J. T. Baker Chemical Co., 
rhillipsburg, N. J. 

McKesson Hall-Van Gorder Co., 
1382 West 9th St.. 

Cleveland 13, Ohio. 

Cleaning Oils and Solvents: 

Brownell Industries, 

Montezuma, Iowa. 

J. A. Gaines Co., 

1910-A Harris Avc., 

Anniston, Ala. 

Frank A. Hoppe, Inc., 

2321 N. 8th St., 

Philadelphia 33, Pa. 

Mitchell Chemical Co., 

Stratford, Conn. 

Outers Laboratories. Inc., 
Onalaska, Wis. 

Winchester Repeating Arms Co., 
New Haven 4, Conn. 

A. G. Parker & Co., Ltd., 
Birmingham, England. 

Wesfley Richards & Co., Ltd., 
Birmingham, England. 

Gun Barrels: 

Ashton & Co., 

1511 N. Gardner St.. 

Los Angeles 46, Calif. 

J. R. Buhmiller, 

P.O. Box 381, 

Kalispeil, Mont. 

Custom Gunsmith Service, 

7670 San Fernando Road, 

Sun Valley, Calif. 


Easton Engineering Co., 

1554 South 2nd West. 

Salt Lake City 10, Utah. 

G. R. Gouglas, 

Rt. 3, Box 297A. 

Charleston, W. Va. 

Johnson Automatics Arms Co., 
P.O. Box 1512. 

Providence 1, R. 1. 

Pfeifer Rifle Co., Inc., 

11252 Pen Rose St., 

Sun Valley, Calif. 

Ralph F. Pride, 

P.O. Box 5154, 

Portland 16, Ore. 

Weatherby’s, Inc., 

2781 Firestone Blvd., 

South Gate, Calif. 

Gun Barrel Steels: 

Crucible Steel Co. of America, 
405 Lexington Ave., 

New York 17, N. Y. 

Midvale Steel Co., 
Philadelphia, Pa. 

Timken Roller Rearing Co., 
Canton, Ohio. 

Firth Sterling Steel Co., 
Sheffield, England. 

Gun Barrels Chrome-plated: 

Marker Machine Co., 

P.O. Box 426. 

Charleston, Ill. 

Gun Barrels Relined: 

Thomas Oilier, 

P.O. Box 531. 

Dayton 1, Ohio. 

Gun Barrel Machinery: 

Pratt & Whitney Co., 
Hartford, Conn. 

Gun Engraving: 

Cal well. 

3014 Parkway Terrace, 
Washington 20, D. C. 

A. Gricbcl, 

4724 N. Keystone Ave., 
Chicago 30. III. 

Gathol E. Windsor, 

1113 McGee St., 

Kansas City 6, Mo. 

Gunmaker’s Supplies: 

Maynard Buchler, 

Orinda, Calif. 

C. Dana Cahoon, 

Topsfield Road, 

Box ford, Mass. 

William Dixon, Inc., 

32 E. Kinney St., 

Newark 2, N. J. 

Frank S. Fitchett, 

232 Fowler Ave., 

San Francisco 16, Calif. 
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E. C. Grace, 

Horton, Mich. 

Heal Bath Corp., 

Springfield 1, Mass. 

Paul Jaeger. 

Jen kin town, Pa. 

Phil Judd, 

83 E. Park St., 

Rutte, Mont. 

Frank Mittermcir, 

3577 E. Tremont Avc., 

New York 6, N. Y. 

Numrich Arms Co., 
Mamaroncck, N. Y. 

C. R. Pederson & Son, 
Ludington, Mich. 

The Redding Cu., 

Cortland 2, N. Y. 

Schmidt Precision Products, 
Rt. 1, Rox 150M, 

Saugus, Calif. 

Schrader Instrument Co., 
Independence 3, Iowa. 

Stoegcr Arms Corp., 

45-47 Pearson St., 

Long Island City 1, K. Y. 

Mitchcl Bosley, 

75 Bath St., 

Birmingham. England. 

Gun Repair Parts, Etc.: 

Francis Bannerman Sons, 

501 Broadway, 

New York 12, N. Y. 

Christy Gun Works. 
Sacramento 16, Calif. 

Hudson Sporting Goods Co., 

52 Warren St., 

New York 7, N. Y. 

Molnar Engineering Co., 
Bairdord, Pa. 

Charles W. Moore, 

Delhi, N. Y. 

The Poly-Choke Co., 

571 Tunxis St., 

Hartford 1, Conn. 

Stoeger Arms Co., 

45-47 Pearson St., 

Long Island City 1, N. Y. 

Lightwood & Son, 

Price St., 

Birmingham, England. 

Standard Sporting Guns, Ltd., 
20-21 Bath St.. 

Birmingham, England. 

Gun Slings: 

The Herman H. Heiscr Co., 
Denver 4, Colo. 

Sporty Sling Co., 

990 East Slausoii, 

Los Angeles 11, Calif. 


Gunsmiths: 

J. A. Bibey, 

122 S. Lincoln, 

Roseville, Calif. 

Cougar Arms Co., 

141 Michigan St., N. E., 
Grand Rapids 3, Mich. 

Custom Gunsmith Service, 
7670 San Fernando Road, 
Sun Valley, Calif. 

Fryers Cun Shop, 

209 Whittier St.. 

Vandergrift, Pa. 

Roy Gradlc, 

20o West Islay, 

Santa Barbara, Calif. 

Griffin & Howe, Inc., 

202 East 44th St., 

New York 17, N. Y. 

Kenneth L. Hooper, 

Box 911, 

Eureka, Mont. 

Paul Jaeger. 

Jenkinrnwn, Pa. 

Kimball Arms Co., 

Woburn, Mass. 

R. VV. Lathrop, 

110>4 Broadway, 

North Seattle 2, Wash. 

l.aurence Naumann, 

Douglas. Wyo. 

Nelson’s, 

1932 E. 4th. 

Olympia, Wash. 

Thurman Randle & Co., 

208 N. Akard St., 

Dallas l, Tex. 

Gart Sloan, 

1022 West Slauson Ave., 

Los Angeles 44, Calif. 

L. R. Wallack, 

Mayfield, N. Y. 

J. A. Wingert. 

124 W. 2nd St., 

Waynesboro, Pa. 

Wurzcr & Peterson. 

5239 North Fifth St., 
Philadelphia 20. Pa. 

Gunstock Blanks: 

Banks-Maxwell, 

Box 3301 A. 

Fort Worth 5, Tex. 

Flaig’s, 

Mill vale. Pa. 

Roberts Myrtle Wood Shop, 
14702 X. E. Sandy Blvd., 
Portland 20, Ore. 

D. W. Thomas, 

Box 184, 

Vineland, N. J. 

Mitchel Bosley, 

75 Bath St., 

Birmingham, England. 
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Hand and Machine Tools: 

General Aire Co., 

447 W. Norris St., 

Philadelphia 22, Pa. 

Hammacher, Schlemmer & Co., 

145 E. 57th St., 

New York 22, N. Y. 

Schupack Supply Co., 

7331 Cottage Grove Ave., 

Chicago 19, Ill. 

Stanley Tools, 

101 Elm St., 

New Britain, Conn. 

Stoeger Arras Corp., 

45-47 Pearson St., 

Long Island City 1, X. Y. 

Hand-loaded Ammunition: 

Brooks Cartridge Reloading, 

4R8B Cherry St., 

San Bruno, Calif. 

Hanson’s Custom Loading, 

Box 143, 

Bonner Springs, Kan. 

. W. McPhillips, 

85 Mastick, 

San Bruno, Calif. 

Inletted Gunstocks: 

Banks-Max well, 

Box 3301.A, 

Fort Worth 5, Tex. 

E. C. Bishop & Soil, Inc., 

Warsaw, Mo. 

Central Pattern Works, Inc.. 

1338 Dark St., 

Racine, Wis. 

Flaig's, 

Millvale, Pa. 

Robert K. Ilaclig, 

(Shotgun stocks) 

Bound Brook, N. J. 

Hcrtcr’s, Inc., 

Waseca, Minn. 

Leather Goods—Gun Cases, Etc.: 

The Boyt Co., 

Des Moines, Iowa. 

J. M. Bucheimer Co., 

Tow son 4, Md. 

Can-Pro Corp., 

Fond du Lac, Wis. 

Bradley E. Grimes Co., 

West Collingswood Heights, N. J. 

The Herman H. Hciser Co., 
Denver 4, Colo. 

The Hood Co., 

(Rust-Pruf Pouches) 

11048 S. Van Ness, 

Los Angeles 47, Calif. 

George L. Jensen, 

(Cartridge cases) 

4100 W. 49th Ave., 

Denver 12. Colo. 


S. D. Myrcs Saddle Co., 

El Paso, Tex. 

Nichols Sporting Goods, 
Yarmouth, Me. 

Sterns Manufacturing Co., 

St. Cloud, Minn. 

Tandy Leather Co., 

P.O. Box 791-AA, 

Fort Worth 1, Tex. 

Linseed and Sperm Oils: 

McKesson Hall-Van Gorder Co., 
1382 W. 9th St., 

Cleveland 13, Ohio. 

Muth Brothers, 

Baltimore, Md. 

Metalworking Tools: 

Pratt & Whitney Co., 

Hartford, Conn. 

Sheldon Machine Co., Inc., 

4243 N. Knox Ave., 

Chicago 41, III. 

South Bend Lathe, 

South Bend, lnd. 

Recoil Pads: 

Dayton-Traister Co., 

34 S. E. 66th Ave., 

Portland 16, Ore. 

Hawkins Recoil Pad Co., 

Sioux City, Iowa. 

Jostein Manufacturing Co., 

5252 Broadway, 

Chicago 40, Til. 

Mershon Co.. Ttic. 

Glendale, Calif. 

Public Spurts Shop, 

11 S. 16th St., 

Philadelphia 2, Pa. 

A. G. Parker & Co., Ltd., 
Birmingham, England. 

Reloading Tools: 

Belding & Mull, 

9 N. Front St., 

Philipsburg, Pa. 

Cramer Bullet Mould Co., 

11625 Vanuwcn St., 

North Hollywood, Calif. 

Easton Engineering Co., 

1554 S. 2nd, West, 

Salt Lake City 10, Utah. 

Foster Brothers, 

86 E. Lanark Ave., 

Lanark, Ill. 

Hollywood Gun Shop, 

6116 Hollywood Blvd., 

Hollywood 28, Calif. 

J. S. Ilulme, 

140 Miriam St.. 

Daly City 25, Calif. 

Johnson’s Rifle Clinic, 

202 N. Chaparral St., 

Corpus Christi, Tex. 
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The Lyman Gun Sight Corp., 

Middlefield, Conn. 

Pacific Gun Sight Co., 

2901 El Camino Real, 

Palo Alto, Calif. 

G. T. Smily Co., 

Clipper Gap, Calif. 

Reloading: Supplies: 

Alcan Co., Inc., 

Alton, Ill. 

Aurand’s, 

229-31 E. 3rd St., 

Lewiston, Pa. 

Carbide Die & Manufacturing Co., 

600 E. Evergreen St., 

Monrovia, Calif. 

The Gun Shop, 

3718 Broadway, 

Chicago 13, Ill. 

B. E. Hodgdon, 

Merriam, Kan. 

Kerr’s, 

9582 Wilshire Blvd., 

Beverly Hills, Calif. 

Lindahl Gun Co., 

Central City, Neb. 

Precision Tool & Gun Co., 

303 E. Upland Road, 

Ithaca, N. Y. 

Rochester Lead Works, 

Rochester 8, N. Y. 

Robert S. Thomas, 

8402 Fenton St., 

Silver Springs, Md. 

Warner & Sons, 

(Gas Checks) 

2510 Pleasant Valley, 

Altoona, Pa. 

Revolver and Automatic Finger Grips: 

Harvey E. llenshaw, 

818-20 Oakwood St., 

Pittsburgh 21, Pa. 

Frank Mittermeir, 

3577 E. Tremont Ave., 

New York 61. N. Y. 

Pachmayr Gun Works, 

1220 S. Grand Ave., 

Los Angeles 15, Calif. 

Bob Winger, 

717 Broad St., 

Montoursville, Pa. 

Revolvers and Automatic Pistols: 

Colt's Patent Fire Arms Manufacturing Co., 
Hartford 15, Cor.n. 

Harrington & Richardson Arms Co., 
Worcester, Mass. 

High Standard Manufacturing Corp., 
Dixwell Ave., 

Hamden, Conn. 

Iver Johnson’s Arms Co., 

Fitchburg, Ma:s 


Smith & Wesson, 

Springfield, Mass. 

Strum, Rugcr & Co., Inc., 

Southport, Conn. 

Wcblcy & Scott, Ltd., 

Birmingham, England. 

Rifle and Shotgun Manufacturers: 

Browning Arms Co., 

St. Louis 3, Mo. 

The Hunter Arms Co., 

(I.. C. Smith shotguns) 

Fulton, N. Y. 

Ithaca Gun Co., Inc., 

Ithaca, N. Y. 

Johnson Automatics Arms Co., 

P.O. Box 1512, 

Providence 1, K. I. 

Marlin Firearms Co., 

New Haven, Conn. 

O. F. Mossberg & Sons, Inc., 

12511 St. John St., 

New Haven 5, Conn. 

Parker Brothers, 

Meriden, Conn. 

Savage Arms Corp., 

Utica, N. Y. 

T. Stevens Arms Co., 

Chicopee Falls, Mass. 

Winchester Repeating Arms Co.. 
(Division of Olin Industries, Inc.) 
New Haven 4, Conn. 

Francotte Arms Co., 

Liege, Belgium. 

Birmingham Small Arms Co., Ltd., 
Birmingham, England. 

Boss & Co.. 

41 Albemarle St., 

London, W. 1, England. 

Robert Churchill, 

Orange St., Leicester Square, 

London, England. 

Cogswell & Harrison, Ltd., 

168 Piccadilly, 

London, England. 

Stephen Grant, 

7 Bury St., St. James, 

London, S.W. 1, England. 

W. W. Greener, 

St. Mary’s Row, 

Birmingham, England. 

Holland & Holland, Ltd., 

98 New Rond St., 

London, W. 1, England. 

W. J. Jeffry & Co., Ltd., 

26 Bury St., St. James, 

London, S.W. 1, England. 

Thomas Powell, 

Birmingham, England. 

John Rigby & Co., 

43 Sackville St., 

London, S.W. 1, England. 

Vickers Limited, 

Crayford, Kent, England, 
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Wehley & Scott, Ltd., 

Birmingham, England. 

Westley Richards & Co., Ltd,. 

(Works at Birmingham) 

23 Conduit St., 

London, W. 1, England. 

James Woodward Sons. 

64 St. James’s St.. Pall Mall. 

London, S.W. 1, England. 

Gustav Gcnschow & Co., Ltd., 
Sudsechaus, 

Hamburg 1, Germany. 

Heinrich Krieghoff, 

Suhl, Germany. 

J. P. Sauer & Co., 

Suhl, Germany. 

Husqvara Vapenfabriks Akticbolg, 
Husqvara, Sweden. 

Riflemen's Supplies: 

Brownell Industries, Inc. 

Montezuma, Iowa. 

Detroit Bullet Trap Co., 

8600 Lyndon, 

Detroit 21, Mich. 

AI Freeland, 

3737 Fourteenth Ave., 

Rock Island, Ill. 

Gopher Shooter’s Supply, 

Faribault, Minn. 

G.R.C. Manufacturing Co., 

Olean, N. Y. 

P. J. O’Harc, 

552 Irvington Avc., 

Maplewood, N. J. 

Pal Icy Supply Co., 

6321 Fernando Road, 

Glendale 1, Calif. 

Thurman Randle & Co., 

208 N. Akard St., 

Dallas 1, Tex. 

10-X Manufacturing Co., 

405 E. 2nd Si., 

Des Moines 9, Iowa. 

Norm Thompson, 

5095 S. W. Barnes Road, 

Portland 1, Ore. 

Rifle Powders: 

E. I. Du Pont Dc Nemours & Co., 
Wilmington, Del. 

Hercules Powder Co.. 

Wilmington, Del. 

Kings Powder Co., 

(Black powders) 

Kings Mills, Ohio. 

Olin Industries, Inc. 

East Alton, Ill. 

Sporting Arms & Ammunition Institute, 
343 Lexington Ave.. 

New York 16, N. V. 

Rifle Telescopes and Mounts: 

Bausch & Lomb Optical Co., 

643 Lomb Park, 

Rochester 2, N. Y. 


J. W. Fecker, Inc., 

2016 Perrysville Ave., 

Pittsburgh 14. Pa. 

Griffin & Howe, Inc., 

202 E. 44th St., 

New York 17, N. Y. 

T. K. Lee. 

(Lee Dot Reticule) 

P.O. Box 2123, 

Birmingham 1, Ala. 

E. W. Lehman, 

P.O. Box 326, Hillcrcst Station, 

San Diego 3, Calif. 

Leupold & Stevens Instruments, Inc., 
Portland 13, Ore. 

R. A. Litchert, 

Winchester, Ind. 

The Lyman Gunsighi Corp., 
Middlefielcl, Conn. 

The Montana Mount. 

Box 311, 

Livingston, Mont. 

Pachmayr Gun Works, 

1220 S. Grand Ave., 

Los Angeles 15, Calif. 

Stith. 

500 Transit Tower. 

San Antonio 5, Tex. 

Tinsley laboratories, 

2524 Grove St.. 

Berkeley 4, Calif. 

John Unertl Optical Co., 

355-55 East St.. 

Pittsburgh 14. Pa. 

W. R. Weaver Co., 

El Pasco, Tex. 

Carl Zeiss, Ind., 

(Hcnsoldt Hunting Scopes) 

485 Fifth Ave., 

New York 17, N. Y. 

Shooting Spectacles: 

Bausch & Lomb Optical Co., 

643 Lomb Park, 

Rochester 2, N. Y. 

Bclz, Opticians, 

2 E. 44th St.. 

New York 17, N. Y. 

Sights: 

King Gun Sight Co., 

667 Howard St.. 

San Francisco 5, Calif. 

The Lyman Gun sight Corp., 
Middlefield, Conn. 

Marble Arms & Manufacturing Co., 
502 Delta Avc.. 

Gladstone, Mich. 

Merit Gunsight Co., 

6144 Monadnock Way, 

Oakland 5, Calif. 

Micro Sight Co., 

5813 Mission St., 

San Francisco 25, Calif. 
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Pacific Gun Sight Co., 

2901 El Camino Real, 

Palo Alto, Calif. 

Redfield Gunsight Co., 

3313 Gilpin St., 

Denver 5, Colo. 

Star Gunsight Co., 

Rox 112, 

Stroudsburg, Pa. 

Williams Gun Sight Co., 

7389 Lapeer Road, 

Davison, Mich. 

Special Bullets: 

J. W. Hornady, 

216 W. 4th St., 

Grand Island, Neb. 

M.G.S. Rullct Co., 
llollydale, Calif. 

Sierra Manufacturing Co., 
600 West Whittier Blvd., 
Whittier, Calif. 

Speer Products Co., 
Lewiston, Idaho. 

Western Alloy Co., 

P.O. Box 643, 

North Hollywood, Calif. 

Western Tool & Copper Co. ; 
P.O. Box 856. 

Oakland, Calif. 

Sporting Goods: 

Abercrombie & Fitch Co., 

342 Madison Avc., 

New York 17, N. Y. 

Alaska Sleeping Bag Co., 

309 S.W. 3rd Avc., 

Portland 4, Ore. 

L. L. Bean. 

302 Main St., 

Freeport, Me. 

Continental Arms Corp., 

697 Fifth Ave., 

New York 22, N. Y. 

Fiala Outfits, 

47 Warren St.. 

New York 7, N. Y. 

Firearms International Corp., 
Washington 20, D. G 

J. L. Galcf & Son, Inc., 

85 (Thambers St., 

New York 7, N. Y. 

Hudson Sporting Goods Co., 
52 Warren St., 

New York 7, N. Y. 

Klein's, 

227 West Washington St., 
Chicago 6, Ill. 

National Camera Exchange, 

86 S. 6th St., 

Minneapolis 2, Minn. 

Parker-Whelen Co., Inc., 

827 Fourteenth St., N.W., 
Washington 5, D. C. 


Roberts Industries, Inc., 

4200 N. Main St., 

Branford, Conn. 

StocRer Arms Corp., 

45-47 Pearson St., 

Long Island City 1, N. Y. 

Von I-engerke & Antoine, 

9 N. Waliash Ave., 

Chicago 2, 111. 

Western Arms Corp., 

417 E. Tico Blvd.. 

Los Angeles 15, Calif. 

Spotting Telescopes: 

Bausch & Lomb Optical Co., 
630 Lomb Park, 

Rochester 2, N. Y. 

Chester Brandon, 

Box 126. 

Montrose, Calif. 

J. W. Fcckcr, Inc., 

2016 Pcrrysville Ave., 

Pittsburgh 14, Pa. 

Tinsley Laboratories, 

2524 Grove St.. 

Berkeley 4. Calif. 

John Unertl Optical Co., 

3551-5 East St.. 

Pittsburgh 14, Pa. 

Steel Tubing: 

El wood Ivins Tube Works. 

Oak Lane. 

Philadelphia 26, Pa. 

Globe Stainless Tube Co., 
Milwaukee, Wis. 

Stock Finishing Materials: 

A. R. Harris, 

Box 505, 

Gary, Ind. 

Mashburn Arms Co., 

112 West Grand. 

Oklahoma City 2, Okla. 

C. R. Pedersen & Co., 
I.udington. Mich. 

Targets: 

National RiHe Association, 

1600 Rhode Island Avc.. N.W., 
Washington 6, D. C. 

National Target Co., 

1255 25th St.. N.W., 
Washington 6. D. C. 

New Trenton Targets. 

P.O. Box 51, 

Cincinnati 5, Ohio. 

Threading Dies and Taps: 

Driver F.quipment Co., 

1152 Valencia St., 

San Francisco 10, Calif. 

Frank S. Fickctt. 

232 Fowler Ave., 

San Francisco 16, Calif. 

Greenfield Tap & Die Co., 
Greenfield, Mass. 
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Pratt & Whitney Co., 
Hartford, Conn. 

Trigger Attachments: 

M. H. Canjar, 

4476 Pennsylvania St., 
Denver 16, Colo. 

Hunting’s Gun Shop, 
Rt. 4, Box 486A, 

New Brunswick, N. J. 

Paul Jaeger, 
Jenkintown, Pa. 

Mashhurn Anns Co., 
112 West Grand, 
Oklahoma City 2, Okla. 

Viggo Miller, 

4340 Charles St., 
Omaha 3, Neb. 


Trophies Mounted: 

Joseph Brurhac, 

Greenfield Center 2, N. Y. 


Ventilated Ribs: 

Simmons. 

504 E. 18th St., 
Kansas City 6, Mo. 


Woodworking Tools: 

Power Tools, Inc., 

1327 Yates Ave., 

Beloit, Wis. 

Rockwell Manufacturing Co., 
(Delta Power Tools) 

833 E. Vienna Ave., 
Milwaukee 1, Wis. 


Books Recommended for the Student: 


American Machinist Hand-Book. McGraw-Hill Pub¬ 
lishing Co., New York, N. Y. 

Pistols and Revolvers. Hatcher. 

Machinery Hand-Book. The Industrial Press, New 
York, N. Y. 

Heat Treatment, Uses and Properties of Steel. 
Knowlton. 

Steel and its Heat Treatment. Bullens. 

Gas Welding and Cutting. American Welding Society. 
Text-book of Advanced Machine Work. Smith. 


Dies and Dir Making. International Textbook Co. 
Machine Tools and their Operation. Colvin & Stanley. 
Military and Sporting Rifle Shooting. Capt. E. C. 
Crossman. 

American Rifleman. Published by the National Rifle 
Association of America, 1600 Rhode Island Ave.. 
N.\Y\, Washington 6, D C. 

The Technical Division of any Public Library is a 
source where information can be had on any subject 
relating to the mechanical crafts. 



